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Introduction

We are still in transition from the notion of man as 
master of the earth to the notion of man as part of it.

(Wallace Stegner, 1995)

A truly ecological perspective recognizes that humans 
and their activities are part of nature, and that  
enhancing all aspects of their lives – including their 
surroundings – begins with cooperation between 
individuals, based on mutual trust …

(Alston Chase, 1995)

From earliest times, oaks have held a prominent 
place in human culture. Their uses have included 
wood for fuel, acorns for hog fodder and flour 
meal for human consumption, bark for tanning, 
wood strips for weaving baskets, charcoal for 
smelting ore, timbers for shipbuilding, mining tim-
bers, railroad ties, pulpwood for paper, and lumber 
and laminates for furniture, panelling and flooring. 
Through the mid-19th century, oak was the wood 
of choice for shipbuilding in Europe and America. 
For that reason, oak forests and even individual 
trees were treated as critical national assets. During 
the Revolutionary War, the poor condition of the 
British fleet, which lacked replacements and repairs 
due to shortages of suitable oak timbers, may have 
contributed to the war’s outcome (Thirgood, 1971). 
In the 17th century, alarm over the depletion of 
timber supplies, especially oak, prompted passage 
and enforcement of laws mandating the protection, 
culture and establishment of forests in several 
European countries. In turn, those events influ-
enced the development of scientific silviculture, as 
we know it today.

Modern as well as ancient man has benefited 
from the oak’s relation to wildlife. Wherever oaks 
occur as a prominent feature of the landscape, wild-
life populations rise and fall with the cyclic produc-
tion of acorns. Numerous species of birds and 
mammals are dependent on acorns during the food-
scarce autumn and winter months. Even human 
cultures have relied on oaks as a staple food. Acorns 

were an important part of the diet of Native 
Americans in California before the 20th century 
(Kroeber, 1925) (Fig. 1.1). Today, the ecological role 
of oaks in sustaining wildlife, biodiversity and land-
scape aesthetics directly affects the quality of 
human life. But while all that is known, putting our 
knowledge of oaks into a comprehensive value 
framework that is understandable and acceptable to 
most people has remained elusive (Starrs, 2002).

The demand for wood products from oaks never-
theless continues to increase and compete with 
other less tangible values. Some have proposed that 
forests, including those dominated by oaks, are best 
allowed to develop naturally, free from human dis-
turbance. What should the balance be among tim-
ber, wildlife, water, recreation and other forest 
values? Is there some middle ground that adequately 
sustains multiple goals? Informed answers and per-
spectives require an understanding of the ecology of 
oaks and the historical role that humans have had 
in that ecology, especially the comparatively recent 
role of humans in the ‘protection’ of oak forests 
from fire. A prerequisite to such understanding is a 
general knowledge of the oak’s geographical occur-
rence, taxonomic diversity, adaptations to diverse 
environments, and the historical changes in its 
environment.

The Taxonomy of Oaks

Taxonomically, the oaks are in the genus Quercus 
in the family Fagaceae (beech family). Members 
migrated and diverged into the current living genera 
by the late Cretaceous period (about 60 million 
years ago). By that time, mammals and birds had 
only recently evolved. Rapid speciation of oaks com-
menced in the middle Eocene epoch (40–60 million 
years ago). This was in response to the expansion of 
drier and colder climates, and subsequently to 
increased topographic diversity in the late Cenozoic 
era (< 20 million years ago) and fluctuating climates 
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during the Quaternary period (< 2 million years ago) 
(Axelrod, 1983).

Their fruit, the acorn, distinguishes the oaks 
from other members of the beech family (e.g. the 
beeches and chestnuts). With one exception, all 
plants that produce acorns are oaks. The exception 
is the genus Lithocarpus, which includes the tanoak 
of Oregon and California. Although represented by 
only one North American species, Lithocarpus is 
represented by 100–200 species in Asia (Nixon, 
1997a). Lithocarpus may be an evolutionary link 
between the chestnut and the oak (McMinn, 1964; 
cf. Miller and Lamb, 1985: p. 200).

Worldwide there are about 400 species of oaks, 
and they are taxonomically divided into three 

groups: (i) the red oak group (Quercus section 
Lobatae1); (ii) the white oak group (Quercus sec-
tion Quercus2); and (iii) the intermediate group 
(Quercus section Protobalanus3) (Tucker, 1980; 
Jensen, 1997; Manos, 1997; Nixon, 1997b; Nixon 
and Muller, 1997). All three groups include tree 
and shrub species. The red oaks and white oaks 
include evergreen and deciduous species, whereas 
the intermediate oaks are all evergreen. The red 
oaks are found only in the western hemisphere 
where their north–south range extends from 
Canada to Colombia. In contrast, the white oaks 
are widely distributed across the northern hemi-
sphere. The intermediate group comprises only five 
species, all of which occur within south-western 

Fig. 1.1. Native American collecting acorns as shown in Hutchings’ California Magazine in 1859. Acorns were a 
staple food of most California tribes before the end of the 19th century. They were gathered in conical woven baskets, 
which could hold a bushel or two of the nuts. Although the acorns of many species were eaten, favoured species 
were California black and California live oaks (Pavlik et al., 1991). After removing the shell (pericarp), acorns were 
ground into a flour, leached of tannins by soaking in running water, and then used to make a variety of foods including 
porridge and bread. Acorns were so highly valued that they sometimes provoked intertribal acorn wars. They were 
also widely utilized as food by Native Americans in Eastern USA. (From the Bancroft Library, University of California, 
Berkeley, California.)
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USA and north-western Mexico. Many of the 
world’s oaks occur in regions with arid climates, 
including Mexico, North Africa and Eurasia, where 
they are often limited in stature to shrubs and small 
trees. About 80% of the world’s oaks occur below 
35° north latitude and fewer than 2% (six or seven 
species) reach 50° (Axelrod, 1983).

The most reliable distinction between the white 
oaks and red oaks is the inner surface of the acorn 
shell. In the white oaks it is glabrous (hairless) or 
nearly so, whereas in the red oaks it is conspicu-
ously tomentose (hairy or velvety) (Tucker, 1980) 
(Fig. 1.2). In the intermediate group, this character-
istic is not consistent among species. The leaves of 
the white oaks are usually rounded and without 
bristle tips whereas the leaf lobes of the red oaks are 
usually pointed and often bristle tipped. To many 
silviculturists, ecologists and wildlife biologists, the 
most important difference between the white oaks 
and red oaks is the length of the acorn maturation 
period. Acorns of species in the white oak group 
require one season to mature whereas species in the 
intermediate and most of the red oak group require 
two seasons. The white oaks and intermediate oaks 
are characterized by the presence of tyloses (occlu-
sions) in the latewood vessels (water-conducting 
cells) whereas tyloses are usually absent in the red 
oaks. These vessel-plugging materials confer greater 
decay resistance to the wood of the white and inter-
mediate oaks than the red oaks, and make them 
uniquely suited for production of tight cooperage. 
Other morphological features that differentiate the 
three groups and species within them are presented 
in various taxonomic treatments (e.g. Tucker, 1980; 

Jensen, 1997; Manos, 1997; Nixon and Muller, 
1997; Hardin et al., 2001) and field identification 
guides (e.g. Miller and Lamb, 1985; Petrides, 1988; 
Petrides and Petrides, 1992; Stein et al., 2003). 
These sources also include range maps. In addition, 
the Silvics of North America, Vol. 2 (Burns and 
Honkala, 1990) provides information on the silvics 
and geographic ranges of 25 oaks. See also online 
references: Burns and Honkala (1990), USDA 
Natural Resources Conservation Service (2008) and 
USDA Forest Service (2008). United States 
Department of Agriculture (USDA) Forest Service 
publications can be accessed online via http://www.
treesearch.fs.fed.us/

Of the more than 250 oak species occurring in 
the western hemisphere, the largest number occurs 
in Mexico and Central America, with only about 
ten species in Canada. In the USA and Mexico, the 
oaks collectively have greater species richness and 
greater biomass than any other genus of trees. Oak 
species comprise 20% of the woody forest biomass 
in the USA and nearly 30% in Mexico. Oak species 
richness increases from north to south across 
North America. Although northern oak species are 
fewer in number, they have greater biomass per 
species than the more numerous oak species with 
smaller geographic ranges found in Mexico and 
Central America (Cavender-Bares, 2016).

Recent genetic studies have concluded that the red 
oak and white oak groups (or clades) in North 
America evolved from common ancestors in northern 
Canada some 45 million years ago. Ten to 20 million 
years ago in western North America the two oak 
groups gradually migrated south into what is now 

(A) (B)

Fig. 1.2. Comparison of the interior of acorn shells for red oaks versus white oaks. (A) The tomentose (velvety) interior 
of a Shumard oak (red oak group); (B) the glabrous (hairless) interior of a bur oak (white oak group).

http://www.treesearch.fs.fed.us/
http://www.treesearch.fs.fed.us/
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California, while in the east the two oak groups also 
migrated south, spreading throughout the eastern 
USA and then into Mexico and Central America. 
There the rate of speciation accelerated along mois-
ture gradients leading to the high species richness in 
those locales (Hipp et al., 2018). The exceptionally 
large, overlapping, spatial extents and the resultant 
widespread coexistence of the white and red oak 
groups in North America have been attributed to dif-
ferences in their niches, including different suscepti-
bilities to insects and diseases (Cavender-Bares, 2016).

For the US species, the most complete and authori-
tative taxonomic treatment of the oaks is in the Flora 
of North America North of Mexico, Vol. 3 (Flora of 
North America Editorial Committee, 1997), which 
lists 90 species of oaks native or naturalized to the 
continental USA. Although we follow the scientific 
names from that reference, we use the long-
accepted common names of trees cited in Little’s 
(1979) Checklist of United States Trees (Native and 
Naturalized) because of its widespread use in 
North American forestry literature. Little’s (1979) 
checklist recognizes 58 native oak species plus nine 
varieties. Of these, about ten species are shrubs or 
shrub-like forms. More than 80 hybrids also have 
been described (Little, 1979; Tucker, 1980).

The Geographic Distribution of US Oaks

Species ranges and groupings

The oaks are widely distributed across the USA 
(Plate 1). According to Little (1979), about 40 spe-
cies and varieties occur east of the 100th meridian 
and about 30 species and varieties occur to the 
west. Only two species, chinkapin oak and bur oak, 
are common to both regions. Bur oak extends to 
the north-west whereas chinkapin extends to the 
south-west beyond the 100th meridian. The west-
ern oaks fall into three geographically distinct 
groups. One group is comprised of the west Texas 
oaks (nine species and varieties), and a second 
includes the south-western oaks (16 species) that 
occur in New Mexico, Arizona, Utah, Colorado 
and Nevada. A third group is comprised of the 
Pacific Coast oaks (about 13 tree species plus sev-
eral shrubby species) occurring largely in California, 
Oregon and Washington.

Within the USA, numbers of oak species vary 
regionally. Based on a count of the number of oak 
species that occur within 6000 square mile areas, 
oak species ‘richness’ reaches a maximum of 20 

species in the south-east (Aizen and Patterson, 
1990) (Fig. 1.3). There, the ranges of several nar-
rowly distributed North American oak species 
overlap with the ranges of several widely distrib-
uted species. Although the range of an oak species 
is positively correlated with its acorn size, the reason 
for this is unknown (Aizen and Patterson, 1990).

Forest cover types (or simply cover types) are 
combinations of tree species that tend to spatially 
reoccur at stand-level scales (e.g. < 100 acres). The 
resulting categories are thus silviculturally useful in 
differentiating among different kinds of oak stands. 
Categorization of US forests based on defined 
cover types was begun by the Society of American 
Foresters in 1929. There are 145 defined cover 
types in the USA and Canada (Eyre, 1980). These 
include 31 with ‘oak’ in the cover type name or in 
the list of species that define the type (see Appendices 
2 and 3, this volume). Of these, 23 oak types occur 
east and eight occur west of the 100th meridian. In 
addition, many of the non-oak cover types include 
one or more oak species as common associates.

The geographic extent of individual cover types 
ranges from tens of millions of acres (e.g. the white 
oak–black oak–northern red oak cover type of the 
eastern USA) to relatively restricted areas (e.g. the 
northern pin oak cover type of the upper Lake 
States and the Mohr oak cover type of Texas and 
Oklahoma). Other types such as the live oak type 
of the South and the bur oak cover type in the 
Great Plains occur within long narrow belts associ-
ated with coastal plains and river corridors, respec-
tively. Many of the western oak cover types, 
especially those in California, form belts that follow 
the Coastal and Sierra Nevada mountain ranges 
and foothills surrounding the Central Valley.

Oaks occur in environments ranging from 
extremely wet and humid (e.g. the overcup oak–
water hickory cover type of southern flood plains), 
to mesic (moist) upland forests receiving 50 or more 
inches of precipitation/year (e.g. the yellow-poplar–
white oak–northern red oak cover type), to 
Mediterranean climates that receive 10 inches or 
less precipitation/year (e.g. the blue oak–digger pine 
cover type). Oaks occur in even drier climates 
where they form shrub vegetation such as the chap-
arral of southern California and the semidesert 
scrub woodland vegetation of the interior south-
west. Western cover types such as the canyon live 
oak cover type include closed-canopy stands in the 
northern part of their range and savannah-like 
woodlands in the south. Oak forests therefore range 
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from closed canopy upland and lowland forests 
with trees greater than 120 ft tall to xeric (droughty) 
scrublands dominated by dwarf trees and shrubs.

Some oaks, such as Georgia oak and McDonald oak 
are confined to very small geographical ranges and a 
narrow range of habitat conditions. Others such as 
white oak are widely distributed and occur over a broad 
range of climates and habitat conditions. A species’ flex-
ibility in occupying different habitats is implicit in the 
definition of species niche. The term denotes the specific 
set of environmental and habitat conditions that permit 
the full development and completion of the life cycle of 
an organism (Helms, 1998). The oaks occupy many 
niches because of the wide range of environmental 

conditions within which they can collectively occur. 
However, the niche of an individual species is more 
limited. Niche differentiation among the oaks and 
associated species is often evident from the way spe-
cies segregate along environmental gradients such as 
the soil moisture gradient (Fig. 1.4). Oaks also differ 
in their ecological amplitude (i.e. the range of habi-
tat conditions that a species can tolerate) (Allaby, 
1994). The ecological amplitude of a species often 
forms a bell-shaped curve when illustrated diagram-
matically (Fig. 1.4). However, some species, such as 
bur oak, occur in both bottomlands and dry uplands 
but are nearly absent at intermediate points along 
the moisture gradient (Curtis, 1959; Johnson, 1990).
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Fig. 1.3. The geographic distribution of numbers of oak species in eastern USA and Canada (redrawn from Aizen and 
Patterson, 1990). The isolines were drawn from a grid comprised of 78 × 78 square mile cells within which the number 
of oak species were counted based on Little’s (1971, 1977) range maps. The greatest concentration of oak species 
(15–20) occurs in south-eastern USA where the ranges of several narrowly distributed species overlap the ranges of 
several widely distributed species.
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The species composition of forests is continually 
changing as a result of forces both internal (auto-
genic) and external (allogenic) to the forest. Changes 
are often gradual and frequently result in the 
replacement of one tree species by another in the 
process of ecological succession. The vegetation and 
other organisms within the forest thus effect auto-
genic change. For example, shade-tolerant species 
growing beneath the main forest canopy may gradu-
ally replace dominant species of lesser shade toler-
ance that are unable to regenerate under their own 
shade. In contrast, allogenic change occurs as a 
result of changes in climate, defoliation by exotic 
insects and pathogens, the movement of soil by wind 
and water, or from other forces originating outside 
the forest. Autogenic and allogenic factors some-
times jointly affect the direction and rate of succes-
sion. Moreover, disturbances such as windthrow, 
insect and disease outbreaks, and timber harvesting 
can accelerate succession or alter its direction.

Although the oaks are relatively intolerant of 
shade, species vary substantially in this attribute. 
In some habitats, oaks are vulnerable to succes-
sional replacement by more shade-tolerant species. 
Compared to many of their competitors, oak seed-
lings grow more slowly during their first few years 

after initial establishment. When young oaks are 
overtopped and heavily shaded by other vegetation, 
few survive for very long. On the other hand, the 
oaks tend to be relatively drought tolerant, and 
often survive in habitats that limit the development 
of species of lesser drought tolerance. Oaks also 
can produce vigorous sprouts that often outgrow 
competitors. The combination of these factors rela-
tive to competitors determines the relative perma-
nence of oaks within a given cover type.

In the eastern half of the USA, oaks are often 
relatively permanent members of cover types on 
drier sites. In the absence of disturbance, many of 
the pine and oak–pine cover types occurring on dry 
habitats are successional to oaks because the oaks 
are somewhat more shade tolerant than the pines. 
This successional pattern creates silvicultural prob-
lems in maintaining pure pine stands in the south 
and other regions where oaks and pines co-occur 
(Burns and Barber, 1989). In bottomlands and mesic 
uplands, shade-tolerant or faster growing species 
often successionally displace the oaks. Such dis-
placement creates silvicultural problems in perpet-
uating oaks in these forests.

The relative permanence of an oak species within 
a given cover type (i.e. its resistance to successional 
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Fig. 1.4. Changes in the relative importance of six tree species in the upland forests of southern Wisconsin in relation 
to the regional soil moisture gradient (adapted from Curtis, 1959, with permission from the University of Wisconsin 
Press). Species’ importance is quantitatively expressed by an importance value, which is an index of species’ importance 
based on its frequency of occurrence, density and basal area relative to other species within a stand. Although there 
is much overlap among species’ importance value curves, no two species behave exactly the same way with respect 
to the moisture gradient. The length of the gradient spanned by a species’ range of importance values together with 
the shape of its importance value curve reflects its niche with respect to the gradient. Importance value curves also 
define the ecological amplitude of a species, that is the range of conditions it can tolerate and the magnitude of its 
importance in relation to the gradient under the prevailing (i.e. relatively undisturbed) stand conditions. The moisture 
gradient shown is inferred from the species composition of a series of relatively undisturbed stands (see Curtis, 1959).
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replacement by other species) is likely to be highly 
variable if the cover type spans a broad range of 
environments. For example, the white oak cover 
type occurs across a wide range of site conditions 
from dry to moist. Whereas the type tends to be 
relatively permanent on dry sites, it is successional 
to other types on the more mesic sites. Cover type 
designations, although useful, largely fail to con-
sider these and other ecological factors that deter-
mine changes in species composition and how those 
changes vary spatially (e.g. in relation to climate and 
site quality), and temporally (e.g. in relation to plant 
succession and disturbance). Consequently, two or 
more stands representing a single cover type may 
represent quite different ecologies with respect to 
the successional status of oaks, physical environment, 
understorey vegetation, forest regeneration, fauna 
and other factors.

Forest inventories and satellite imagery have 
been used to describe the geographic distribution of 
forest types in the USA (e.g. Fig. 1.5). These maps 
identify broad cover type groups that are aggre-
gates of the stand cover types described above.

Four groupings widely used to delineate oak 
forests at the regional scale are: (i) the oak–hickory 
group; (ii) the oak–pine forest group; (iii) the 
oak–gum–cypress group (bottomland forests); and 
(iv) the western hardwood group that includes the 
western oaks as a subset (Fig. 1.5). However, the 
names commonly applied to the resulting species 
aggregations can be misleading. For example, 
hickory is absent throughout much of the northern 
part of the range delineated as oak–hickory (Fig. 1.5). 
Moreover, other forest cover types dominated by 
oaks are also included within the delineated oak–
hickory area. The term ‘oak–hickory’ nevertheless 
is widely used in reporting forest resource statistics 
at the regional level even though it is an ecologi-
cally imprecise term. Oaks also occur as ecologi-
cally and silviculturally important components of 
many non-oak forests (e.g. pine forests and maple–
beech–birch forests).

In the eastern USA the oak–hickory, oak–pine 
and the oak–gum–cypress cover type groups col-
lectively covered 179 million acres or 34% of all 
US timberland4 in 2012. That is an increase from 
162 million acres and 32% of USA timberland in 
1953 (Smith et al. 2009; Oswalt et al., 2014). At 
128 million acres, the oak–hickory forest type is 
the largest forest cover type in the USA. In the east-
ern USA oak forest types cover nearly half of all 
timberland (oak–hickory 34%, oak–pine 7% and 

oak–gum–cypress 6%). The western oaks are also 
significant geographically and ecologically. Western 
oak forests cover 2 million acres or about 2% of 
western timberland (Oswalt et al., 2014; Miles, 
2016).

Collectively, oak species comprise 15% of the 
growing stock volume (cubic measure) on timber-
land in the conterminous USA. Nearly one-quarter 
of all growing stock volume on eastern timberland 
consists of oak species. Oaks comprise 1% of west-
ern growing stock volume on timberland. Since 
1953, total oak volume in the USA has increased by 
76%, from 75 to 133 billion ft3 (Smith et al., 2009; 
Miles, 2016).

Distribution of oaks by hierarchically 
classified ecoregions

Climate and landform strongly influence the distri-
bution of oaks. Locally, the distribution of oaks is 
influenced by factors such as physiography, soil 
moisture and geology. These and other factors have 
been used to structure a hierarchical ecological 
classification system (McNab and Avers, 1994; 
Bailey, 1995, 1997, 1998). This system recognizes 
the increasing detail necessary to explain the spatial 
arrangement of forests at increasingly smaller spa-
tial scales (Table 1.1). It thus provides an objective 
basis for the regional delineation of ecosystems into 
successively smaller and more homogeneous units.

The hierarchical ecological units range in size 
from continents to a few acres. The larger units are 
often referred to as ecoregions; the smallest units 
are often equivalent to forest stands. Domains, 
divisions and provinces form the larger ecoregions 
(Table 1.1). These are climatic and climatic–physi-
ographic regions that cover millions to tens of 
thousands of square miles. Provinces are further 
subdivided into smaller units termed sections, sub-
sections, landtype associations (LTAs), ecological 
landtypes (ELTs) and ecological landtype phases 
(ELTPs). These units range in size from thousands 
of square miles for sections to less than 10 acres for 
some ELTPs. ELTs and ELTPs are important silvi-
culturally because they often correspond to indi-
vidual stands, which are the objects of silviculture.

The oaks occur in all three domains (major cli-
matic regions) of the 48 contiguous states: Humid 
Temperate, Dry and Humid Tropical (Bailey, 1997). 
The latter occurs only in the southern tip of 
Florida. The three domains are further subdivided 
into 11 climatic divisions. Within each division, 
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Fig. 1.5. The major areas of oak–hickory, oak–pine, oak–gum–cypress and western hardwoods (shaded areas) by state 
and ecoregion divisions (map compiled by W.D. Dijak, USDA Forest Service, North Central Research Station, Columbia, 
Missouri). In the western USA, the map shows the composite western hardwood group that includes oaks, tanoak, red 
alder, cottonwood and aspen. Numbered ecoregion boundaries on the map are from Bailey (1997) and are summarized 
in Tables 1.2 and 1.3. Generated from Advanced Very High Resolution Radiometer satellite images at a scale of 1 km2 
(1990) and an associated system of land cover classification (USDA Forest Service, 1993; Powell et al., 1994).
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mountainous areas with elevational zonation of 
vegetation are also identified. Although oaks natur-
ally occur in all 11 of the divisions, within each 
division the distribution of the four major oak for-
est types is closely related to division boundaries 
(Fig. 1.5; Tables 1.2 and 1.3).

The 11 ecoregion divisions within the contermi-
nous USA are further subdivided into 44 provinces 
(Plate 1). Provinces are delineated based on broad 
vegetation groups and related regional landforms. 
Oak forests and woodlands commonly occur in 23 
provinces (Tables 1.2 and 1.3). Province bounda-
ries are useful in delineating oak distributions in 
some parts of the USA. For example, province 
boundaries correspond with the spatial distribution 
of the oak forests and woodlands encircling 
California’s Central Valley. Province boundaries 
also separate the oak–pine forests of the Piedmont 
(Province 232) from the wetter oak habitats of the 
Coastal Plain and the lower Mississippi flood plain 
(Province 231 and Riverine forest). Province 
boundaries are also useful in separating the regions 
where oaks occur from those where they do not.

In contrast to the coarser levels of the classifica-
tion hierarchy (domains through subsections), 
which have been delineated nationally, classifica-
tion of the ELT and ELTP levels is incomplete across 
much of the oak range. Even though classification 

systems down to the ELT or ELTP have been devel-
oped for millions of acres, they include only a small 
fraction of the total area of oak forests.

ELTs or ELTPs are usually mapped in the field 
based on differences in soils, physiography and 
vegetation (including herbs and shrubs). The species 
composition of the herbaceous layer is often used to 
distinguish among different ELT or ELTP units 
because of the fidelity of some herbaceous species 
(‘indicator’ species) to specific biophysical condi-
tions. Accordingly, the presence or absence of one 
or more indicator species can be used to differenti-
ate among otherwise similar ELTs or ELTPs. Shrubs 
are also sometimes used as indicator species.

Compared with the herbaceous layer, the compo-
sition of the tree layer often recovers slowly from 
disturbances. Moreover, the tree component may 
not recover to its pre-disturbance composition. 
Joint consideration of physical and biological fac-
tors and their interactions provide a basis for iden-
tifying ecologically homogeneous land units that 
are silviculturally relevant and useful in delineating 
management units (Barnes et al., 1982).

Ecological classification provides a broader eco-
logical context for understanding why oaks occur 
where they do, and how those occurrences change 
with time, disturbance and other factors. At the 
broadest scale the oak forests of the USA can be 

Table 1.1. Hierarchy of ecological units used to classify forest ecosystems in the USA. (Adapted from Cleland et al., 
1993; McNab and Avers, 1994; Bailey, 1995.)a

Ecological unit Scale (reference size)b Delineating factorsc

Domain Millions to tens of thousands of square miles 
(subcontinent)

Macroclimate, ocean temperature 
and currents, geomorphology

Division Millions to tens of thousands of square miles  
(multi-state)

Geomorphology, climate

Province Millions to tens of thousands of square miles  
(multi-state, state)

Geomorphology, climate

Section 1000s of square miles (state, multi-county,  
National Forest)

Geomorphology, climate, vegetation

Subsection 10s to 100s of square miles (multiple counties,  
National Forest Ranger District)

Geomorphology, climate, vegetation

Landtype association 10s to 1000s of acres (landscape, watershed) Landforms, species composition of 
overstorey, soil associations

Ecological landtype 10s to 100s of acres (stand, multiple stands) Landform, natural vegetative 
communities, soils

Ecological landtype  
phase

1 to 10s of acres (stand) Soils, landscape position, natural 
vegetative communities

aSee also Plate 1; Figs 1.5 and 1.6.
bIndicates a familiar unit of comparable size for reference purposes. This reference unit is not used to delineate the ecological unit.
cSome of the factors used to distinguish among ecological units at a given level. Classification complexity typically increases with 
decreasing unit size.
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divided into four eastern and two western groups 
based on species associations, ecological conditions 
and successional relations (Fig. 1.6).

Boundaries between regions follow division 
boundaries in the hierarchical ecological classifica-
tion system. These regional groupings are useful 
ecologically and silviculturally because they iden-
tify areas with broadly similar macroclimates and 
species associations. Regional differences in the 
application of silvicultural methods are closely 
related to corresponding differences in species 
composition, environmental factors and other eco-
logical conditions. The six forest regions are 
described below in relation to the domains, divi-
sions and provinces of the hierarchical ecological 
classification system described in the preceding 

section. However, the regional designations do not 
explicitly identify the lowland and riparian forests 
occurring within them. There, along the major riv-
ers and streams within the Southern Pine–
Hardwood Region, the oaks attain their greatest 
size and growth.

Eastern Oak Forests

The Northern Hardwood Region

Geographic extent

The Northern Hardwood Region includes the 
northern halves of Minnesota, Wisconsin, Michigan 
and much of the north-eastern USA including New 
Hampshire, Vermont and Maine in their entirety. 

Table 1.2. The ecoregion domains, divisions and provinces in the eastern conterminous USA where oaks are found 
and the principal oak species occurring in each. Ecoregions from Bailey (1995). Division and province boundaries are 
shown in Plate 1.

Division Province

200 Humid Temperate Domain
210 Warm Continental 211 Mixed deciduous coniferous forests
M210 Warm Continental Mountains M211a Mixed forest–coniferous forest–tundra, medium

M211b Mixed forest–coniferous forest–tundra, high
Ten oak species: Bear, black, bur, chestnut, chinkapin, northern pin, northern red, scarlet, 

swamp white, white
220 Hot Continental 221a Broadleaved forests, oceanic

221b Broadleaved forests, continental
M220 Hot Continental Mountains M221 Deciduous or mixed forest–coniferous forest–meadow

M222 Broadleaf forest–meadow
22 oak species: Basket, bear, black, blackjack, bur, cherrybark, chestnut, chinkapin, 

northern pin, northern red, overcup, pin, post, scarlet, shingle, Shumard, 
southern red, swamp chestnut, swamp white, water, willow, white

230 Subtropical 231 Broadleaved–coniferous evergreen forests
232 Coniferous–broadleaved semi-evergreen forests

M230 Subtropical Mountains M231 Mixed forest–meadow province
31 oak species: Arkansas, bear, black, blackjack, bluejack, bur, Chapman, cherrybark, 

chestnut, chinkapin, Durand, Georgia, laurel, live, myrtle, Ogelthorpe, 
northern red, Nuttall, overcup, pin, post, scarlet, shingle, Shumard, 
southern red, swamp chestnut, swamp white, turkey, water, white, willow

250 Prairie 251 Forest–steppes and prairies province
252 Prairies and savannahs province

20 oak species: Black, blackjack, bluejack, bur, chinkapin, Durand, live, northern pin, 
northern red, overcup, laurel, pin, post, southern red, shingle, Shumard, 
swamp chestnut, swamp white, water, white

400 Humid Tropical Domain
410 Savannah 411 Open woodlands, shrubs and savannah

412 Semi-evergreen forests
413 Deciduous forests province

Four oak species: Chapman, live, laurel, myrtle
Intrazonal Regions

R Riverine forest
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It  includes two ecoregion provinces: Mixed 
Deciduous–Coniferous Forests Province (211) and 
Mixed Forest–Coniferous Forest–Tundra, High 
Province (M211b) within the Warm Continental 

Division (Plate 1; Fig. 1.6; Table 1.2). The region 
extends 1300 miles from west to east and covers 
123 million acres, about three-quarters of which 
are forested.

Table 1.3. The ecoregion domains, divisions and provinces in the western conterminous USA where oaks are found 
and the principal oak species occurring in each. Ecoregions from Bailey (1995). Division and province boundaries are 
shown in Plate 1.

Division Province

200 Humid Temperate Domain
240 Marine 241 Mixed forests
M240 Marine Mountains M241 Deciduous or mixed forest–coniferous forest–meadow

M242a Forest–meadow, medium
M242b Forest–meadow, high

3 oak species: Oregon white, California black, canyon live
260 Mediterranean 261 Dry steppe

262 Mediterranean hardleaved evergreen forests, open woodlands and shrubs
263 Redwood forests

M260 Mediterranean Mountains M261 Mixed forest–coniferous forest–alpine meadow
M262 Mediterranean woodland or shrub–mixed or coniferous forest–steppe or 

meadow
M263Shrub or woodland–steppe–meadow

13 oak species: Blue, California black, California scrub, canyon live, coast live, Dunn, Engelmann, 
interior live, island live, McDonald, Oregon white, turbinella, valley

300 Dry Domain
310 Tropical/Subtropical Steppe 311 Coniferous open woodland and semideserts

312 Steppes
313 Steppes and shrubs
314 Shortgrass steppes

M310 Tropical/Subtropical Steppe 
Mountains

M311 Steppe or semidesert–mixed forest–alpine meadow or steppe

16 oak species: Arizona, canyon live, Chisos, Dunn, Emory, Gambel, grey, Havard, Lacey, lateleaf, 
Mohr, sandpaper, silverleaf, Toumey, wavyleaf, turbinella

320 Tropical/Subtropical Desert 321 Semideserts
322 Oceanic semideserts
323 Deserts on sand

M320 Tropical/Subtropical Desert 
Mountains

M321 Semidesert–shrub–open woodland–steppe or  
alpine meadow

M322 Desert or semidesert–open woodland or shrub–desert or steppe
22 oak species: Arizona, chinkapin, Chisos, Dunn, Durand, Emory, Gambel, Graves, grey, Havard, 

Lacey, lateleaf, live, Mexican blue, Mohr, netleaf, post, sandpaper, silverleaf, 
Toumey, turbinella, wavyleaf

330 Temperate Steppe 331 Steppes
332 Dry steppes

M330 Temperate Steppe Mountains M331 Forest–steppe–coniferous forest–meadow–tundra
M332 Steppe–coniferous forest–tundra
M333 Steppe–coniferous forest
M334 Steppe–open woodland–coniferous forest–alpine meadow

2 oak species: Bur, Gambel
340 Temperate Desert 341 Semideserts

342 Semideserts and deserts
M340 Temperate Desert Mountains M341 Semidesert–open woodland–coniferous forest–alpine meadow
3 oak species: Gambel, turbinella, wavyleaf
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Braun (1972) called this area the Hemlock–White 
Pine–Northern Hardwood Region. She recognized 
two major subsections, the Great Lakes–St Lawrence 
and the Northern Appalachian Highlands. The 
western and eastern portions of the Northern 
Hardwood Region share many of the same species, 
but they differ ecologically and silviculturally 
(Godman, 1985). Those differences are due in part 
to the influence of the Appalachian Mountains in 
the eastern part of the Northern Hardwood Region.

More than 1.5 million non-industrial private for-
est owners own approximately half of the forests 
in the Northern Hardwood Region. Corporate and 
other private owners hold an additional 25% (Birch, 
1996; USDA Forest Service, 2018). There are 11 
national forests in the region (primarily in the Lake 
States) that cover 6.5 million acres.

Climate, physiography and soil

Precipitation typically ranges from 24 to 45 inches/
year although as much as 70 inches occurs in some 
mountainous areas in the eastern part of the region. 

Snowfall of 60–100 inches/year is common 
throughout the region. More than 100 inches of 
snowfall occurs at some of the higher elevations, 
and snowfall exceeds 400 inches in some locales 
near the Great Lakes. Mean annual temperature 
ranges from 35° to 52°F (2–11°C) and the growing 
season lasts from 100 to 160 days (Fig. 1.7) (McNab 
and Avers, 1994).

The region is characterized by low relief with 
numerous lakes, depressions, morainic hills, drum-
lins, eskers, outwash plains and other glacial land-
forms. Variation in the depth and type of glacial 
deposits and associated heights of water tables are 
important factors in the identification of silvicul-
turally relevant ELTPs (Fig. 1.8). Elevations in the 
mountainous areas range from 1000 to 4000 ft 
with individual peaks exceeding 5000 ft. Valleys in 
the mountainous areas include outwash plains and 
lakes resulting from glaciation (Bailey, 1995). Soils 
have formed in diverse organic and mineral materi-
als including peat, muck, marl, clay, silt, sand, 
gravel and boulders in various combinations. At 
lower elevations in New England and along the 
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Great Lakes, Spodosols are common. Inceptisols 
and Alfisols dominate at lower elevations else-
where. In the mountainous zones the soils are pri-
marily Spodosols (Bailey, 1995).

Forest history

The forests of the Northern Hardwood Region 
were strongly influenced by the aboriginal people 

who lived there. For thousands of years before the 
arrival of Europeans, Native Americans used fire 
and land clearing to shape the forest to meet their 
needs. Accounts of early European settlers indicate 
that Native Americans burned large portions of the 
landscape each year (Pyne, 1982). Dry fuels in the 
late spring before ‘greenup’ and again after leaf fall 
during ‘Indian summer’ provided favourable condi-
tions for burning. Fires often eliminated forest 
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ELTPs on outwash plains

ELTPs on mesic ice-contact
and sand hills

WATER TABLEWATER TABLE

ELTPs on herb-poor moraines
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32 34 35 37 40 42 43

ELTPs on dry ice-contact and
sand hills

WATER

WATER
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Fig. 1.8. Ecological landtype phases (ELTPs) for the upland forests of the Huron–Manistee National Forests in the 
lower peninsula of Michigan (Province 211: Mixed Deciduous–Coniferous Forests Province) (adapted from Cleland 
et al., 1993). Site productivity generally increases with increasing ELTP value. ELTP 1: northern pin oak–white 
oak/Deschampsia type; ELTP 10: black oak–white oak/Vaccinium type; ELTP 11: black oak–white oak/Vaccinium type 
with loamy sand to sandy loam bands in substrata; ELTP 12: black oak–white oak/Vaccinium type with perched water 
table at 6–15 ft; ELTP 20: mixed oak–red maple/Trientalis type; ELTP 21: mixed oak–red maple/Trientalis type with 
loamy sand to sandy loam bands in substrata; ELTP 22: mixed oak–red maple/Trientalis type with perched water  
table at 6–15 ft; ELTP 24: mixed oak–red maple/Trientalis type with perched water table at 3.5–6 ft; ELTP 25: mixed 
oak–red maple/Trientalis type with coarse loamy substrata; ELTP 32: northern red oak–red maple/Viburnum type with 
perched water table at 6–15 ft; ELTP 34: northern red oak–red maple/Viburnum type with perched water table at  
3.5–6 ft; ELTP 35: northern red oak–red maple/Viburnum type with fine loamy substrata; ELTP 37: northern red oak–
red maple/Desmodium type with sandy loam over fine loamy substrata; ELTP 40: sugar maple–beech–/Maianthemum 
type; ELTP 42: sugar maple/Maianthemum type with perched water table at 6–15 ft; ELTP 43: sugar maple–northern 
red oak/Maianthemum type with fined texture substrata.



22 Chapter 1

understorey layers, which in turn encouraged the 
growth of edible berries and increased forage that 
attracted edible wildlife. A combination of fire and 
tree cutting or girdling also was used by Native 
Americans to create and maintain openings for 
cultivated crops (Pyne, 1982). Maintaining an open 
understorey condition by burning also helped 
defend Indian villages from surprise enemy attacks. 
Repeated burning helped maintain large areas of 
oak savannahs and barrens. Topography greatly 
influenced the spatial distribution of fires, and the 
frequency and intensity of burning were lower on 
wet or mesic sites and at higher elevations. This 
produced a landscape mosaic of diverse species 
composition.

The land clearing and burning practices used in 
New England were carried westward by settlers 
who immigrated to the Lake States. Oaks were 
known as indicators of fair to good conditions for 
agriculture. Oak forests therefore were often gir-
dled, felled and burned in preparation for agricul-
ture. Over time, enormous areas in the Northern 
Hardwood Region were cleared for agriculture. 
Ultimately, however, it was logging that had the 
greatest impact on the region’s forests.

Logging gradually accelerated with the influx of 
Europeans to New England in the 17th century. 
Demands for forest products were initially modest 
in the developing agrarian society. Local timber 
harvesting supplied wood for homes, barns, fences, 
heating and cooking, and making potash and tan-
nin. Forests were considered more an impediment 
to agriculture than a valued resource. However, this 
changed with industrialization during the 19th 
century (Williams, 1989).

The industrialization of America provided the 
capacity and economic incentive to exponentially 
increase lumber production from less than 1 to 
nearly 45 billion board ft between 1800 and 1900. 
That lumber, which was principally white pine and 
other softwoods, came primarily from the Northern 
Hardwood Region. In 1839, 30% of the nation’s 
lumber (on a value basis) came from New York. 
Combined, New York, Pennsylvania, New Jersey 
and New England produced two-thirds of the 
nation’s lumber. As supplies of white pine dwindled 
in the eastern part of the region, timber production 
moved westward. Although New York reached 
peak production in 1849, the north-eastern states 
together had by then dropped to half of the national 
lumber output. The shift in lumber production from 
the Northeast to the Lake States occurred between 

1840 and 1860. Lake States harvest reached a peak 
of 10 billion board ft annually in 1889. Relatively 
level terrain, easy access and high demand facili-
tated the rapid rise in timber harvesting across the 
Lake States. By 1940, Lake States production 
dropped below a billion board ft as the timber 
industry moved south (Williams, 1989).

Although white pine was the preferred species, 
oaks and other hardwoods were utilized locally 
where they were abundant. Oaks were in less 
demand by the logging industry. Because of their 
high density, oak logs could not be floated down 
rivers as easily as white pine and required overland 
transportation to avoid losses (Williams, 1989). 
Over time, repeated timber harvesting removed the 
trees of greatest economic value leaving behind 
stands of inferior quality and composition. Farmers 
emigrating westward subsequently completed the 
land clearing.

As a preferred fuelwood, the oak’s utilization for 
that purpose significantly affected the region’s for-
ests during the early agricultural period. A colonial 
family used 20–60 cords of wood annually for 
heating and cooking. Although the per capita vol-
ume of wood used for fuel decreased over time, the 
total volume increased because of a growing popu-
lation. In 1880, more than half of America’s energy 
needs were still met with fuelwood (Whitney, 1994).

Iron furnaces in the region were fired with hard-
wood charcoal. Less than 1% of the fuelwood 
burned from 1800 to 1930 was used to produce 
charcoal for iron smelting, but large areas of forest 
surrounding iron furnaces were greatly affected 
(Whitney, 1994). A typical 18th-century smelting 
operation consumed 100 acres of forest annually to 
produce charcoal. Because forest regrowth could 
be repeatedly harvested for this purpose every 
25 years, about 2500 acres of forest were required 
to sustain production of the ironworks. By the late 
19th century, charcoal production for large iron-
works required annual harvests of 1000–2000 
acres, and some large companies owned 100,000 
acres of forest adjacent to their smelters for that 
purpose (Whitney, 1994). The large clearcuts sur-
rounding the ironworks radically changed the age 
structure of the forests and also influenced their 
species composition.

Harvesting hardwoods for fuel favoured the 
development of hardwood sprouts and increased 
the relative proportion of hardwood trees in areas 
that were not converted to agricultural land 
(Whitney, 1994). During the last half of the 19th 
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century, many cleared acres marginally suited to 
agriculture were abandoned and subsequently 
reverted to forest. During the latter half of the 20th 
century, the combination of abandoned agricultural 
lands and natural regeneration of cutover lands 
resulted in large increases in timber volumes 
throughout the region. In New England, forest vol-
umes increased by 16% between 1970 and 1982 
(cubic foot basis) (Seymour, 1995). The increase 
was predominantly in hardwoods that as a group 
increased in volume by 24%. The increase in oak 
volume (16%) was low relative to other hard-
woods. In 2007, net annual hardwood growth in 
the Northern Hardwood Region remained at twice 
the annual harvest (Smith et al., 2009).

Oaks as components of the region’s forests

The forests of the Northern Hardwood Region 
today are dominated by more than half a dozen 
recognized northern hardwood forest types com-
prising various combinations of sugar maple, red 
maple, beech, paper birch, yellow birch and eastern 
hemlock. Although northern red oak typically 
occurs as a minor component within these types, it 
sometimes forms pure or nearly pure stands (Fig. 1.9A). 
Wherever it occurs, it is a valuable and desirable 
species for timber, acorn production and species 
diversity. White, black, northern red and chestnut 
oaks also occur in the southern portions of the region.

Oaks are thus a relatively small component of 
northern hardwood forests. They are most abun-
dant and attain their best development in the 
southern parts of the region including New York, 
Massachusetts, northern Pennsylvania, and central 
and southern Minnesota, Wisconsin and Michigan. 
There the oak and mixed-hardwood forests grade 
into the oak–hickory forests of the Central 
Hardwood Region. In both New England and the 
Lake States, oaks comprise about 10% of the grow-
ing stock. Throughout the Northern Hardwood 
Region, sugar maple, red maple and aspen are the 
most abundant hardwoods. Conifer forests (red 
and eastern white pines, spruce and balsam fir) also 
exceed oak in acreage and volume (Smith et al., 
2009; Miles, 2016).

Oaks often reach their greatest density on sites 
that have been repeatedly disturbed by fire, timber 
harvesting and other events. After burning or tim-
ber harvesting, oaks originating from vigorous 
seedling sprouts and stump sprouts often dominate 
stands. However, in the absence of disturbance the 

oak forests of the Northern Hardwood Region are 
usually successional to other hardwoods on all but 
the poorest sites. On the poorer sites, oaks are often 
relatively permanent members of the forest. There, 
oaks frequently invade and successionally replace 
established pine stands (Seymour, 1995). The loss 
of the American chestnut to chestnut blight fungus 
in New England oak forests began in the early 
1900s (Fig. 1.10). This increased the relative impor-
tance of oaks because oaks often captured the grow-
ing space vacated by dying American chestnuts.

Today, the single-tree selection method of silvi-
culture is often applied to northern hardwood for-
ests dominated by shade-tolerant species such as 

(A)

(B)

Fig. 1.9. (A) A 130-year-old stand of northern red oak in 
the Northern Hardwood Region of northern Wisconsin 
(Province 211: Mixed Deciduous–Coniferous Forests 
Province; Southern Superior Uplands Section). The 
absence of oak reproduction and a sparse subcanopy 
of shade-tolerant red and sugar maples are indicators 
of what is likely to eventually replace the oaks in the 
absence of disturbance. (B) Xeric northern pin oak–white 
oak/Deschampsia type (see Fig. 1.8) on deep outwash 
sand in the northern lower peninsula of Michigan 
(Province 211: Mixed Deciduous–Coniferous Forests 
Province; Northern Great Lakes Section). This oak 
stand is mixed with jack pine; oak site index is ≤ 50 ft. 
(Photographs courtesy of USDA Forest Service, North 
Central Research Station.)
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sugar maple. This practice focuses on maintaining 
stands of high quality trees while largely relying on 
the natural regeneration of shade-tolerant species 
to sustain the silvicultural system. Although this 
system favours the development of high quality 
oaks in stands where oaks are already present, 
regenerating oaks beneath the relatively closed 
canopies of selection forests is usually difficult in 
this region. On the poorer sites, oaks may develop 
beneath a pine overstorey and eventually displace 
the less shade-tolerant pine through natural succes-
sion or the exposure of oak reproduction in the 
understorey to full light after timber harvest. On 
deep sandy soils of the upper Lake States, stands of 
northern pin, black and white oaks, often mixed 

with jack pine, form relatively stable forest types of 
low productivity (Fig. 1.9B).

The Central Hardwood Region

Geographic extent

The Central Hardwood Region includes the pre-
dominantly deciduous broadleaved forests of 
Central USA. The region lies entirely within the 
Humid Temperate Domain. The region includes the 
two Hot Continental Divisions (Divisions 220 and 
M220), and intergrades with the eastern part of the 
Forest–Steppes and Prairies Province (251) of the 
Prairie Division (250) (Plate 1; Fig. 1.6; Table 1.2). 
The Hot Continental Division is subdivided into 

Fig. 1.10. A standing dead American chestnut 
(minus bark). Chestnut was a common 
associate and dominant member of eastern 
oak forests throughout the Appalachians from 
Maine to Alabama and westward to Missouri. 
The chestnut blight, which decimated the 
species throughout its range, permanently 
altered the ecology of eastern oak forests. 
The blight was first identified in New York in 
1904. Fifty years later it spanned the entire 
natural range of chestnut. Oaks and associated 
hardwoods quickly captured the growing 
space vacated by dead and dying chestnuts. 
(Photograph courtesy of USDA Forest Service, 
North Central Research Station.)
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two provinces: (i) Broadleaved Forests, Oceanic (221a); 
and (ii) Broadleaved Forests, Continental (221b). The 
Hot Continental Mountains Division (M220) also is 
divided into two provinces: (i) Deciduous or Mixed 
Forest–Coniferous Forest–Meadow (M221); and 
(ii) Broadleaf Forest–Meadow (M222).

The Northern Hardwood Region, the Southern 
Pine–Hardwood Region, the Forest–Prairie Transition 
and the western edge of the Appalachian Mountains 
bound the Central Hardwood Region. The Central 
Hardwood Region extends 1200 miles from south-
west to north-east and covers approximately 220 
million acres; about half the region is forested. 
Approximately three-quarters of the forest area in 
the Central Hardwood Region is in non-industrial 
private ownership. Within that ownership, most 
holdings are 50 acres or smaller (Birch, 1996; 
USDA Forest Service, 2018). There are seven national 
forests in the region comprising about 4 million acres 
distributed across the southern half of the region 
in Arkansas, Missouri, Illinois, Indiana, Ohio, 
Kentucky and Tennessee.

Climate, physiography and soil

The climate in the Central Hardwood Region is hot 
continental with warm summers and cold winters. 
Mean annual temperature ranges from 40 to 65°F 
(4–18°C), with the warmer temperatures in the 
south. Annual precipitation ranges from 20 inches 
in the north-west to 65 inches in the south-east and 
reaches as much as 80 inches on some Appalachian 
peaks (Fig. 1.7). Precipitation occurs throughout 
the year, but tends to be somewhat greater in spring 
and summer. Droughts may occur during the sum-
mer when evapotranspiration is high. Frost-free 
periods range from 100 days in the northern 
Appalachians to 220 days in the southern part of 
the region (Bailey, 1995).

Topography is diverse in this region. Elevations 
in the Appalachian Highlands (Province M221) 
range from 300 to 6000 ft with as much as 3000 ft 
of local relief. Further west (Province 221a), the hills 
and low mountains of the dissected and uplifted 
Appalachian Plateau (including the Allegheny and 
Cumberland Plateau) range from 1000 to 3000 ft 
in elevation. In the western half of the Central 
Hardwood region (Province 221b), most of the 
land is rolling but varies from extensive, nearly 
level areas to areas like the Ozark Highlands where 
relief reaches 1000 ft. Most of the northern por-
tions of this province were glaciated with the 

exception of the driftless area of south-western 
Wisconsin and adjacent states. Major soils are Alfisols, 
Inceptisols, Mollisols and Ultisols (Bailey, 1995).

Forest history

The utilization and exploitation of forests in the 
Central Hardwood Region has passed through 
various historical phases (Hicks, 1997). Even 
before the arrival of Europeans, humans influenced 
the nature and extent of the region’s forests 
(Whitney, 1994). The use of fire to control vegeta-
tion by Native Americans significantly influenced 
the extent and character of presettlement forests 
(Pyne, 1982; DeVivo, 1991; Olson, 1996). These 
human-caused alterations of the landscape contin-
ued for thousands of years before the arrival of 
Europeans (Hicks, 1997). After settlement by 
Europeans, human impacts on the forest expanded 
and intensified. Burning, grazing, exploitative tim-
ber harvesting and clearing of forests for agricul-
ture occurred on an unprecedented scale. These 
practices occurred about 200 years earlier in the 
eastern part of the Central Hardwood Region than 
in the western part. Historically, different human 
disturbances were further confounded by intrinsic 
ecological differences among oak forests within the 
various ecoregion provinces. Each subregion of the 
Central Hardwood Forest has its own unique com-
bination of disturbance history, climate, physiogra-
phy, soils, species associations and successional 
possibilities. This complicates generalizing the 
application of silvicultural methods to oak forests 
across the region.

As in the Northern Hardwood Region, the loss 
of American chestnut to chestnut blight increased 
the relative proportion and importance of oaks 
throughout the region. Shortly after 1900, the dis-
ease became epidemic and within 40 years it had 
invaded the entire natural range of the chestnut 
(Kuhlman, 1978). The loss represents one of the 
greatest recorded changes in a natural population 
of plants caused by an introduced organism 
(Liebhold et al., 1995). The chestnut comprised 
25% of the eastern hardwood forest that covered 
200 million acres. In the Appalachians, it was the 
most ecologically and economically important tree 
species (Kuhlman, 1978). There and in other regions, 
it grew faster and taller than associated oaks. 
Before the blight, chestnut was especially important 
in moist upland forests where it sprouted vigorously 
and often increased in dominance after logging. 
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In  1900, half the standing timber in Connecticut 
was chestnut, which was largely comprised of young 
stands of stump sprout (coppice) origin (Smith, 
2000). Although American chestnut provided only 
about 1% of the nation’s hardwood lumber even at the 
peak of its importance, its loss (beginning in the early 
1900s) had a significant impact on local economies in 
the Appalachians. There, its nuts and bark (for tannin) 
provided scarce cash income, and its wood was valued 
for a variety of uses (Youngs, 2000).

The practice of silviculture in the Central 
Hardwood Region dates back to the genesis of 
North American forestry in the late 19th century 
(Fernow, 1911; Pinchot, 1987). From then until the 
1960s, the major emphasis was on uneven-aged sil-
viculture (Roach, 1968). During the 1960s, the 
emphasis shifted to even-aged silviculture, especially 
clearcutting, and this emphasis persisted for about 
20 years (Roach and Gingrich, 1968; Johnson, 
1993a). Where applied, hardwood silviculture in the 
region usually follows the ‘ecological model’, which 
relies on the existing forest vegetation and its natu-
ral regeneration capacity. Silvicultural prescriptions 
are usually focused on controlling stand structure 
and species composition using cutting methods such 
as those recommended by Roach and Gingrich 
(1968). This approach contrasts with the more 
intensive ‘agronomic model’ of silviculture based on 
artificial regeneration, the introduction of improved 
genotypes, use of herbicides and fertilizer, pre-
scribed burning, and other intensive cultural meth-
ods like those commonly used in the silviculture of 
pine monotypes in the south and elsewhere.

Where applied, silviculture in the Central 
Hardwood Region usually focuses on growing high 
quality sawtimber with secondary consideration of 
other amenities and ecosystem services. During the 
course of stand management (but before final har-
vest of even-aged stands), this requires ‘leaving the 
best’ and ‘cutting the worst’ at each harvest. In even-
aged silviculture, each timber harvest concentrates 
on removing small, subcanopy trees and poor qual-
ity trees in the main canopy, with concomitant atten-
tion to species composition. Similarly, in uneven-aged 
silviculture, timber removals are concentrated on 
poor quality trees, but cutting occurs across a wide 
range of diameter classes in order to create and 
maintain the uneven-aged stand structure. In both 
systems the objective is the improvement of the qual-
ity and the economic value of the residual stand.

Today, only a small fraction of the forests of the 
Central Hardwood Region receive systematic 

 silvicultural treatment. This is largely due to the 
pattern of forest ownership, which is characterized 
by numerous small tracts owned by private indi-
viduals. Many forest owners are uninterested in sil-
viculture or lack information on its benefits (Bliss 
et al., 1994, 1997; English et al., 1997). Consequently, 
the systematic application of silviculture has largely 
been limited to industrial forests and public lands.

The predominant methods of timber harvesting 
on private lands are probably commercial clearcut-
ting and other forms of high-grading. Not to be 
confused with silviculturally prescribed methods, 
these methods consist of harvesting all trees with 
commercial value without regard to regeneration 
needs and future stand condition. Such malpractice 
typically leaves stands of highly variable residual 
stocking comprised of trees of poor vigour, low 
quality and undesirable species composition. These 
practices persist and continue to impact negatively 
on the quality of the region’s forests. Nevertheless, 
annual forest growth for the region exceeds annual 
harvest, and total standing volume of timber has 
increased steadily since the 1950s (Powell et al., 
1994; Smith et al., 2009).

Oaks as components of the region’s forests

The predominant oaks are black, white, scarlet, 
chestnut, post, northern red, southern red and bur 
oak (Fig. 1.11). These species typically occur in 
various combinations with hickories, sassafras, 
flowering dogwood, blackgum, black cherry, red 
maple and other upland oaks and deciduous tree 
species. The Ozark Highlands Section of the region, 
which covers southern Missouri, and parts of north- 
eastern Oklahoma, northern Arkansas and south-
western Illinois, comprises one of the largest contiguous 
areas dominated by the oak–hickory association in 
the Central Hardwood Region. Many oak–hickory 
forests of today may have originated from extensive 
fire-maintained oak savannahs of the presettlement 
period; these formed closed canopy forests when 
fires were suppressed (Johnson, 1993a; Olson, 1996).

The oak cover types of the Central Hardwood 
Region include various combinations of oaks, hicko-
ries and other tree species that vary geographically 
(see Appendix 2, this volume). Although hickories 
are common and persistent members of this forest 
type, they seldom represent more than a small pro-
portion of trees in the main canopy of a mature for-
est (Braun, 1972). Oak–hickory forests develop on 
relatively dry sites where oaks persist as dominant 
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members of the forest through successive disturb-
ance events. This persistence is facilitated by the 
oaks’ drought tolerance and by light intensities in 
dry ecosystems that are sufficient for the regenera-
tion of the relatively shade-intolerant oaks (Bourdeau, 
1954; Carvell and Tryon, 1961; Abrams, 1990).

Oaks and hickories are found together on the 
drier sites throughout the region and comprise a 
commonly occurring species association. These for-
ests dominate the landscape in the western part of 
the region. Elsewhere, oaks and hickories as a group 
commonly occur on dry ridges and south-facing 
slopes. On the more mesic sites, oaks are often 
interspersed with other hardwoods. Slope position 
and aspect strongly influence the spatial distribu-
tion of these forests and are thus useful in defining 
ELTPs in much of the region (Figs 1.12 and 1.13).

From southern Illinois eastwards and in northern 
Arkansas, the more mesophytic forests of the Central 
Hardwood Region generally include more complex 

species mixtures than found in drier oak forests 
(Fig. 1.14). Although oaks commonly share domin-
ance with non-oaks on these sites, in the absence of 
recurrent fire and grazing the oaks are often succes-
sionally displaced by more moisture-demanding and 
more shade-tolerant non-oaks (Jokela and Sawtelle, 
1985; Lorimer, 1985, 1989; Nowacki et al., 1990; 
Abrams, 1992; Nowacki and Abrams, 2008). 
Understoreys of these stands are typically lacking in 
oak reproduction, especially large oak seedling 
sprouts. Over time, the dominance of oaks decreases 
while the proportion of non-oaks increases. The lat-
ter include various combinations of maples, 
American beech, black cherry, white ash, American 
basswood and yellow-poplar. Timber harvesting 
may accelerate the successional replacement of the 
oaks (Abrams and Nowacki, 1992).

Diverse mixtures of hardwoods are common 
throughout the Ohio Valley, the Cumberland Plateau 
and Highland Rim areas of Tennessee and Kentucky, 

Fig. 1.11. A mature black–northern red–white oak stand on a good site in the Central Hardwood Region of south-
eastern Ohio (Province 221a: Broadleaved Forests, Oceanic). (Photograph courtesy of USDA Forest Service, North 
Central Research Station.)
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the Appalachian and Allegheny Plateau of western 
West Virginia and western Pennsylvania, the south-
ern Lake States, and other parts of the region. 
Specific combinations of canopy dominants often 
form distinct geographic species groupings. Examples 
include the beech–maple forests of central Indiana 
and eastern Ohio, the maple–basswood–northern 
red oak forests of the driftless area of south-western 
Wisconsin, and the black cherry–ash–yellow-poplar 
forests of the Allegheny Plateau of Pennsylvania. 
Towards the eastern end of the region, eastern white 
pine and eastern hemlock may be locally important 
members of mixed hardwood forests. Mixtures of 
oak and mesophytic species also occur in northern 
Arkansas in the Broadleaf Forest–Meadow Province 
(M222) (Plate 1; Table 1.2) (Braun, 1972). These are 
the most mesophytic forests in the western end of 
the region. However, unlike the mixed mesophytic 
forests further to the east, yellow-poplar is absent. 
Some species combinations are formally recognized 
as cover types (Eyre, 1980); others form mixtures 
that are only locally distinguished silviculturally.

It is within these mesic, mixed hardwood stands 
that northern red oak, one of the most commer-
cially valuable tree species of the region, reaches its 
best development. It is also within these forests that 
the oaks are also the most difficult to regenerate 
silviculturally (Carvell and Tryon, 1961; Arend and 
Scholz, 1969; Trimble, 1973; Loftis, 1988; Johnson, 
1993b, 1994a, b). Mesophytic mixed hardwood 
forests generally occur where oak site index (see 
Chapter 4, this volume) is 65 ft at an index age of 
50 years.

Oak–pine mixtures occur most frequently in the 
southern and eastern parts of the region and are 
closely correlated with fire and succession in old 
fields, heavily disturbed hardwood stands and pine 
plantations. Oak–pine mixtures represent an early- to 
mid-stage in the succession towards oak–hickory or 
mixed hardwood forests. In the absence of fire or 
other disturbances, oak–pine forests may change suc-
cessionally from predominantly short-leaf pine, pitch 
pine or Virginia pine to hardwoods as the more 
shade-tolerant hardwoods replace the intolerant 
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Fig. 1.12. Ecological landtype phases (ELTPs) for the Ozark Highlands of Missouri (Province 221b: Broadleaved 
Forests, Continental Province; Ozark Highlands Section) (adapted from Nigh et al., 2000). Aspect, landform and 
bedrock geology are factors in the classification system. ELTP 1.1, 1.2, 1.3, 2.1, 2.3 and 3.1: pine–oak/Vaccinium dry 
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Fig. 1.13. Ecological landtype phases (ELTPs) for the forests of the Brown County Hills, Crawford Upland and Escarpment 
subsections of southern Indiana (Province 221b: Broadleaved Forests, Continental Province; Interior Low Plateau, 
Shawnee Hills Section). Oaks and pines typically dominate the exposed (hotter aspects) whereas sugar maple, American 
beech, yellow-poplar and other shade-tolerant hardwoods dominate the protected (cooler aspects). (Adapted from Van Kley 
et al., undated.)



30 Chapter 1

pines (Cunningham and Hauser, 1989; Sheffield 
et al., 1989; Smith et al., 1989; Orwig and Abrams, 
1994). The oak–pine mixtures are important for 
maintaining biodiversity as well as economic timber 
production (Phillips and Abercrombie, 1987; Cooper, 

1989; Kerpez and Stauffer, 1989; Leopold et al., 1989). 
Consequently, there is increasing interest in methods 
to create and maintain oak–pine forests (Waldrop, 
1989). Specific combinations of oaks and pine vary 
with subregion and site quality. Because the pines 

Fig. 1.14. A large white oak (47 inches diameter at breast height (dbh)) in Dysart Woods in south-eastern Ohio 
(Province 221a: Broadleaved Forests, Oceanic Province). This 55 acre old-growth oak forest is dominated by white and 
northern red oaks and is the largest known remnant of the original mixed mesophytic forest of the Central Hardwood 
Region in south-eastern Ohio. (Photograph courtesy of USDA Forest Service, North Central Research Station.)
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tend to be associated with the driest (xeric) sites, the 
associated oaks often include species such as post oak 
and blackjack oak. On somewhat less xeric sites, 
pines are commonly associated with black, white, 
scarlet, southern red or chestnut oaks. In the extreme 
north-western part of the region in Minnesota and 
Wisconsin, jack pine and northern pin oak com-
monly occur together.

Stands of eastern redcedar are closely affiliated with 
the oak–pine mixtures. Eastern redcedar is a common 
invader of old fields and glades (Lawson, 1990). It 
may eventually form dense pure stands if succession 
is allowed to progress unimpeded by disturbance. 
However, such stands are short lived. As the redce-
dar matures and forms canopy gaps conducive to 
hardwood or pine regeneration, stands may succeed 
to oak–pine and oak–hickory mixtures.

The Southern Pine–Hardwood Region

Geographic extent

The Southern Pine–Hardwood Region includes 
broadleaved forests, conifer forests and various hard-
wood–pine mixtures. The region includes the two 
subtropical divisions (230 and M230) of the Humid 
Temperate Domain (Plate 1; Fig. 1.6; Table 1.2). The 
region covers approximately 270 million acres of 
which 60% are forested. The extent of the Southern 
Pine–Hardwood Region is best illustrated by the 
joint ranges of the oak–pine and oak–gum–cypress 
forest types (Fig. 1.5B and C). The region extends 
1300 miles from eastern Texas to Virginia and 
occurs in a band extending 200–400 miles inland 
from the coast. At its northern boundary, the 
Southern Pine–Hardwood Region meets the Central 
Hardwood Region. The Southern Pine–Hardwood 
Region’s oak–hickory forests typically attain their 
best development along this northern boundary.

About 85% of the forest area in this region is 
privately owned. Four million non-industrial pri-
vate forest owners control about 60% of all timber-
land. About 45% of this ownership is comprised of 
tracts smaller than 100 acres (Birch, 1996; USDA 
Forest Service, 2018). The 25 national forests in the 
region comprise 11 million acres of forest land 
(Smith et al., 2009).

Climate, physiography and soil

Annual precipitation in the region ranges from about 
40 to 60 inches and is well distributed throughout 
the year. Mean annual temperature ranges from 

60 to 70°F (16–21°C) and the growing season from 
200 to 300 days (Bailey, 1995) (Fig. 1.7).

The Southern Pine–Hardwood Region includes 
four major physiographic regions: (i) the Piedmont 
(Province 232); (ii) the Coastal Plain (Province 231); 
(iii) the Interior Highlands (Province M231); and 
(iv) the lower Mississippi Valley (Riverine Intrazonal 
Province (R)) (Plate 1). Gentle slopes characterize 
50–80% of the area. Elevations range from sea level 
to 600 ft in the Coastal Plain, 300–1000 ft in the 
Piedmont, and up to 2600 ft in the Ouachita Mountains 
of the Interior Highlands. Numerous low-gradient 
streams, lakes, swamps and marshes characterize the 
flat Coastal Plain. The wet habitats along the Coastal 
Plain, the Mississippi Valley and other major rivers 
support bottomland forest types that are largely 
absent from the Piedmont and Interior Highlands.

The principal soil groups are Ultisols, Spodosols, 
Vertisols and Entisols, all of which tend to be low 
in fertility. Exceptions are the Inceptisols, which 
occur in the alluvial bottoms of the Mississippi 
River (Bailey, 1995).

Forest history

Here, as in other regions, fire greatly impacted the 
early forests. Fire was an essential tool for main-
taining agricultural openings, eliminating brush 
and hardwood reproduction from pine forests, and 
increasing forage for grazing. Native Americans 
regularly burned the forests where they lived. 
Increased burning associated with European settle-
ment increased the proportion of pine in the region 
relative to earlier periods (Pyne, 1982; Skeen et al., 
1993). Fire was combined with land clearing to 
open the hardwood forests of the south for agricul-
ture. Even today, forest burning is a prominent 
practice throughout the region. In the Piedmont 
and alluvial river bottoms, vast areas were cleared 
for agriculture before industrial logging peaked in 
the region (Sargent, 1884; Hodges, 1995).

Logging and the production of naval stores 
began on a small scale in the 1600s. But by 1880, 
forests accessible by water and close to population 
centres were heavily cut over. Charles Mohr noted 
the rapidity at which the cypress swamps were 
being logged in some localities and the apparent 
lack of forest regeneration. He observed that:

the large number of logs harvested shows clearly 
with what activity the destruction of these treasures 
of the forest is being pushed; and the reports, as of 
heavy thunder, caused by the fall of the mighty trees, 
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resounding at short intervals from near and far, speak 
of its rapid progress.

(Sargent, 1884)

However, Mohr also noted that immense areas of 
pine forest remained unaffected by logging and that 
many former hardwood forests that were earlier 
cleared for agriculture had reverted to pine after 
their abandonment.

The South did not become the centre of the US 
logging industry until shortly after logging peaked 
in the Lake States in 1890. By 1900, lumber pro-
duction in the South exceeded that of the Lake 
States and by 1910 the South produced half of all 
US lumber. The movement of large lumber compa-
nies to the Southern Pine–Hardwood Region coin-
cided with technological advances that increased 
the speed with which logs could be removed from 
the woods and transported to the mills (Williams, 
1989). Steam-powered stationary skidders and 
loaders were mounted on boats and railcars. As rail 
lines were extended into the southern forest, log-
ging trains followed and systematically removed 
virtually all timber within the long reach of a cable 
skidder mounted on a rail car. The joint enterprise 
of rail construction and logging greatly accelerated 
the harvest of southern pines (Williams, 1989).

By 1925 southern lumber production began to 
decline and western production increased. Following 
the Great Depression, timber production in the 
South never returned to the levels of 1910–1930, 
and the bulk of US timber production moved west. 
The subsequent establishment of southern paper 
mills coupled with successful fire prevention and a 
reduction in open-range grazing accelerated the 
reforestation of one million cutover acres. This gave 
rise to the South’s ‘third forest’ which today again 
produces a greater volume of wood than any other 
region of the USA.

Oaks as a component of the region’s forests

The oak forests in this region can be divided into 
upland and lowland types. Were it not for the com-
plex spatial intermingling of upland and lowland 
forests, they could be treated as two ecologically 
distinct regions. The upland and bottomland oak 
forests of the region differ substantially in species 
composition, ecology and the application of silvi-
cultural practices.

The Southern Pine–Hardwood Region today 
includes about 170 million acres of forest land and 
23% of standing volume is oak (Smith et al., 2009; 

Miles, 2016). Of the broadly defined forest types 
recognized in national inventories, the oak–hickory, 
oak–gum–cypress and oak–pine occur on about 
45% of the area. Loblolly-shortleaf pine and long-
leaf-slash pine make up most of the remaining 
forest acreage. A more detailed cover type classifi-
cation (Eyre, 1980) recognizes 63 cover types that 
occur within the region (Walker, 1995) – 15 of 
those include oaks as primary species, and several 
others include oaks as important associated species 
(see Appendix 2, this volume).

Southern silviculture has largely focused on pine, 
especially on industrial forest lands and on former 
industrial lands owned by timber investment man-
agement organizations and real-estate investment 
trusts. There, intensive silviculture is commonly 
practised to maximize timber and wood fibre yields 
through site preparation, planting genetically 
improved seedlings, frequent thinning, prescribed 
burning and the use of fertilizers, herbicides and 
pesticides. However, annual softwood removals are 
nearly equal to annual growth and may soon 
exceed annual growth (Walker, 1995).

The importance of pine in the Piedmont is related 
to the region’s history – the historical sequence of 
lumbering, land clearing and farming deforested 
large areas that were abandoned before 1930 and 
burned frequently. This disturbance favoured the 
establishment of pine forests, which greatly 
increased in acreage relative to other species. Oaks 
and other hardwoods occur in most natural south-
ern pine stands, and on these sites they increase in 
importance through succession. Fire suppression, 
silvicultural thinnings and partial harvests often 
accelerate this trend (Skeen et al., 1993).

The large oak–hickory acreage in the region, the 
increasing hardwood volumes in pine–hardwood 
mixtures, and the nearly full utilization of the 
annual pine growth in the region has recently 
shifted the utilization of the region’s forests towards 
the hardwoods. Much of this change has resulted 
from the utilization of hardwood chips for paper 
production and composite products. Chips can be 
made from low quality, small diameter (> 4 inches) 
hardwoods. This technology created new markets 
for the abundant low-quality trees that previously 
had been considered a silvicultural liability. 
However, this utilization capability has also raised 
concerns about the potential for over-utilization of 
hardwoods, especially well-formed, small hard-
wood trees that comprise the future hardwood 
growing stock for solid hardwood products.
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Closely related to the oak–hickory forests are 
mixtures of oak and pine (Fig. 1.15). These mixed 
forests are increasingly recognized for their impor-
tance in maintaining forest biodiversity and their 
historical importance in the region. The oak–pine 
type, which occurs on 16% of the timberland of the 
region, rates high in aesthetic appeal and species 

richness compared with even-aged pine stands. 
However, relatively little is known about the long-
term management and productivity of oak–pine 
mixtures for lumber, fibre or other values. In the 
absence of disturbance, the oaks tend to succes-
sionally displace the pines and harvesting the pine 
often accelerates the process.

Fig. 1.15. A black oak–white oak–shortleaf pine stand in the Ozark Highlands of Missouri (Province 221b: 
Broadleaved Forests, Continental Province; Ozark Highlands Section). (Photograph courtesy of USDA Forest Service, 
North Central Research Station.)
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Southern bottomland hardwoods commonly 
include 11 species of oaks (cherrybark, Delta post, 
laurel, Nuttall, overcup, pin, Shumard, swamp 
chestnut, water, white and willow oaks) (Hodges, 
1995). These oaks occur in a mixture with other 
bottomland species along the major rivers of the 
Coastal Plain as well as the lower reaches of the 
Mississippi, Arkansas, Missouri, Ohio and Wabash 
Rivers (Fig. 1.16). In total, southern bottomland 
hardwoods cover more than 27 million acres (16% 

of the region’s timberland) and are physiographic-
ally and ecologically distinct from surrounding 
upland oak–hickory, oak–pine and pine forests.

Although bottomland forests are relatively flat, 
elevational differences of only a few feet alter soil 
formation processes, soil moisture regimes and species 
composition. Thus, changes in species composition 
are often associated with relatively minor differences 
in physiography (Fig. 1.17). Moreover, floodplain 
physiography can quickly and frequently change as a 

Fig. 1.16. A cherrybark oak–sweetgum bottomland stand near the Tombigbee River in Alabama (Province 232: 
Coniferous–Broadleaved Semi-evergreen Forests Province). (Photograph courtesy of USDA Forest Service, Southern 
Research Station.)



Oak-dominated Ecosystems 35

result of scouring and deposition of sediments. These 
factors, coupled with the high tree species diversity of 
bottomland forests, complicate classifying forest types 
and developing silvicultural prescriptions appropriate 
to each. Up to 70 tree species occur in southern 
bottomland forests (Putnam et al., 1960), and spe-
cies mixtures often change over short distances 
within stands. Consequently, species associations 
are difficult to classify meaningfully into more than 
a few broad types. Although Eyre (1980) listed 14 
bottomland cover types (six named for oaks), 
Hodges (1995) reduced the number to three types 
(cottonwood– willow, bald cypress–tupelo, mixed 
bottomland hardwoods), and the USDA Forest 

Service usually reports only two types (oak–gum–
cypress, elm–ash– cottonwood) in regional summaries.

The Forest–Prairie Transition Region

Geographic extent

Within the USA the Forest–Prairie Transition 
Region extends from southern Texas northwards to 
Minnesota and North Dakota (Fig. 1.6). The region 
coincides with two ecoregion provinces: Forest–Steppes 
and Prairies (251) and Prairies and Savannahs (252) 
within the Prairie Division (250) (Plate 1; Table 1.2). 
The region includes Braun’s (1972) Grassland or 
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Fig. 1.17. The topographic distribution of southern bottomland oaks and associated species in major and minor stream 
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Prairie Region, Forest–Prairie Transition and Prairie 
Peninsula Sections, which fall within her Oak–
Hickory Forest Region.

As its name implies, the Forest–Prairie Transition 
Region is transitional between the eastern forests and 
the prairies and dry woodlands of the Dry Domain 
to the west. On its eastern border, the region adjoins 
the Northern Hardwood Region, the Central 
Hardwood Region and the Southern Pine–Hardwood 
Region. The Forest–Prairie Transition Region spans 
1400 miles in latitude and varies in width from as 
little as 100 miles along the Canadian border to 600 
miles between eastern Nebraska and western Indiana. 
The region includes approximately 191 million acres, 
about 7% of which are forested. Between Canada 
and Oklahoma, forests cover 5% of the landscape 
with most of the remainder devoted to tilled crop-
land or pasture. The forest cover increases to 13% in 
parts of Oklahoma and Texas. Most of the forest 
land in the Forest–Prairie Transition Region is pri-
vately owned. Although there are three national 
grasslands within the region, only 15,000 acres of 
national forest land (in central Missouri) are included.

Climate, physiography and soil

Precipitation within this vast region varies from less 
than 20 inches/year in the north to 55 inches along 
the gulf coast of Texas. One-half to two-thirds of 
the precipitation typically falls during the growing 
season and snowfall is common north of Texas. 
From north to south, mean annual temperature 
ranges from 36° to 70°F (2–21°C) with correspond-
ing growing seasons ranging from 111 to 320 days 
(McNab and Avers, 1994) (Fig. 1.7). Throughout 
the region precipitation is largely offset by evapo-
transpiration, creating soil moisture conditions in 
many localities that are marginal for tree growth.

Most of the region is comprised of gently rolling 
plains, although high rounded hills occur and steep 
bluffs border some river valleys. Elevations range 
from sea level to 2000 ft. Local relief is less than 165 ft 
throughout most of the region, but it reaches 500 ft 
in the Flint Hills of Kansas (McNab and Avers, 1994). 
Soils are predominantly Mollisols although Vertisols 
occur on the prairies, and Alfisols occur on savannahs 
and within the Mississippi Valley (Bailey, 1995).

Forest history

Native Americans who were largely nomadic 
inhabited the region for at least 10,000 years. 

Crops were cultivated as early as 1000 years ago. 
A  few large Native American communities devel-
oped in the major river valleys. One of these was 
Cahokia (near present-day St Louis), which flour-
ished between ad 1000 and 1400 with an esti-
mated population of 25,000. The forests in the 
region were an important resource for both 
nomadic people and larger permanent communi-
ties. The demise of Cahokia may have been caused 
by the exhaustion of the surrounding forests that 
were used for fuel and for the construction and 
maintenance of a 2-mile-long perimeter wall 
around the city (Lord, 1999).

Frequent fires were essential to the maintenance 
of prairie and savannah vegetation in many parts 
of the Forest–Prairie Transition Region, and Native 
Americans burned the grasslands and woodlands 
where they lived. Grazing and trampling by herds 
of bison and other ungulates also were important 
in maintaining prairies and preventing the 
encroachment of forests and other woody vegeta-
tion. By the mid-19th century, European settlers 
began farming the prairies and draining prairie 
wetlands. The latter produced some of the nation’s 
most productive agricultural lands.

Trees were largely confined to riparian corridors, 
slopes and scattered savannahs. With the exclusion 
of fire and the elimination of free-ranging ungulates, 
forests frequently encroach upon abandoned fields 
and pastures. In 1884, Sargent (1884) stated that, 
‘Dakota, with the exception of its riverlands and the 
small territory between the north and south forks of 
the Cheyenne River, is practically destitute of timber. 
The bottoms of the principal streams contain exten-
sive groves of hardwood.’ In Iowa he observed that 
‘since the first settlement of the state the forest area 
has increased by the natural spread of trees over 
ground protected by fire, and by considerable plan-
tations of cottonwood, maples, and other trees of 
rapid growth made by farmers to supply fuel and 
shelter’. Further south, in Texas, Charles Mohr 
noted, ‘The timber growth immediately west of the 
Brazos is stunted and scanty; large areas of grass 
land intervene between the scrubby woods until all 
at once ligneous growth disappears and the seem-
ingly boundless prairie, in gently undulating swells 
expands before the view on all sides’ (Sargent, 1884).

Since that time, farms have been established on 
virtually all the lands suitable for row crops or for-
age production (McNab and Avers, 1994). Depending 
on the farm economy, the forested acreage has 
decreased or increased as forests and woodlands 
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were cleared to create more farmland, or as marginal 
farmland reverted to forest through tree planting or 
abandonment.

Oaks as components of the region’s forests

The best forest development in this region occurs 
on its eastern border where it abuts the Northern 
Hardwood Region, the Central Hardwood Region 
and the Southern Pine–Hardwood Region. Of the 
7% of the Forest–Prairie Transition Region that is 
forested, three-quarters is classified as oak–hickory 
or oak–pine. Few of the savannahs that formerly 
occupied the transition zone between forest and 
prairie exist today.

The prairie fires that historically restricted the 
extent of the region’s forests have been replaced by 
agricultural practices that now limit most forests to 
riparian areas or to slopes unsuitable for forage or 
other crops (Fig. 1.18). Before the mid-19th cen-
tury, fire was the primary regulator of the distribu-
tion of tree species in the region. Narrow bands of 
forest along streams and ravines, sometimes called 
gallery forests, provided refuges for trees from the 
frequent fires that burned across the prairie. Oaks 
dominated many of these forests. With the advent 
of farming in this region, the frequency of wildfires 
was greatly reduced. This allowed the gallery for-
ests to expand into untilled areas that were for-
merly covered by native grasses (Abrams and 
Gibson, 1991). However, the invading woody spe-
cies were generally species such as American elm, 
hackberry and eastern redcedar rather than oaks. 
The reduction in wildfires also allowed those spe-
cies to increase in abundance within existing forests 
that were formerly dominated by oaks, especially 
on the more mesic sites. In much of this region, 
frequent fires are required to prevent the displace-
ment of the oaks by other species (Penfound, 1968; 
Abrams, 1988; Abrams and Gibson, 1991).

Oak–hickory forests extend from the Central Hard-
wood Region westwards across eastern Oklahoma 
and into northern Texas (Fig. 1.5A). From east to 
west the forests become increasingly scrubby and 
open. An exception is the relatively dense oak forest 
of the Cross Timbers Region. In Texas, the Cross 
Timbers comprise two bands of scrubby oak wood-
land extending 175 miles southwards from the 
Oklahoma border. These bands are 20–50 miles 
wide and separated by the Fort Worth Prairie. Forest 
cover occurs along outcrops of sandy soils of greater 
porosity than adjacent prairie soils (Braun, 1972).

The Cross Timbers were prominent landmarks 
for westward travellers who otherwise traversed 
relatively open landscapes (Dyksterhuis, 1948). 
Although the heavier forest cover in the Cross 
Timbers area of Texas is somewhat evident from 
Fig. 1.6, the two distinct strips of woodland are not 
distinguishable at the resolution shown. Post oak 
and blackjack oak are the dominant tree species in 
the Cross Timbers and account for 60% and 20% of 
the trees, respectively. Except in floodplains, these 
oaks seldom exceed 12 inches in diameter and 
30–45 ft in height. At one time, the herbaceous veg-
etation in the Cross Timbers was probably similar to 
that of the surrounding prairie, but grazing during 
the last century has greatly altered the species com-
position of the herbaceous layer (Dyksterhuis, 1948).

The Cross Timbers vegetation extends north-
wards through Oklahoma and eventually disap-
pears in southern Kansas. Except for the Cross 
Timbers Region, the upland woodlands of eastern 
Oklahoma were formerly post–blackjack oak 
savannahs maintained by frequent fires. Grazing 
and a reduction in burning have since reduced grass 
cover and facilitated the establishment of dense tree 
reproduction in many areas; post and blackjack 
oaks dominate most stands. Although the average 
basal area of these forests historically has been rela-
tively low, in the absence of burning it has increased 
from 49 ft2/acre in 1957 (Rice and Penfound, 1959) 
to 80 ft2/acre in 1993 (Rosson, 1994).

From Kansas northwards there are few forests, 
but where they do occur, oaks often dominate (Plate 
1; Fig. 1.6). Many of the oak forest types and condi-
tions occurring in the Central Hardwood Region 
extend westwards through the central portion of the 
Forest–Prairie Region. The central part of the region 
is capable of supporting forest vegetation and is suc-
cessional to forest in areas protected from cultiva-
tion. However, because agriculture is the dominant 
land use, forests are usually restricted to riparian 
corridors, wet areas, steep slopes and highly erodi-
ble lands, or other sites unsuited to agriculture. 
Nevertheless, oaks and other hardwoods often 
develop into commercially valuable stands in those 
parts of the region lying within Illinois, Iowa, north-
ern Missouri and eastern Kansas.

Bur oak is the dominant oak species in the north-
ern reaches of the Forest–Prairie Transition Region. 
It is the only major oak species with a natural range 
that extends across western Minnesota and into the 
Dakotas. Bur oak is well adapted to this region 
because its deep taproot makes it resistant to 
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(A)

(B)

Fig. 1.18. (A) Aerial view of the distribution of forests in the Forest–Prairie Transition Region (Province 251: Forest–
Steppes and Prairies Province) of north-western Missouri. Throughout much of this ecoregion, forests are largely 
restricted to narrow belts occupying steep slopes along rivers and drainages interspersed with agricultural lands.  
(B) Forested bluffs dominated by oaks (background) along the Missouri River in central Missouri fronted by cultivated 
bottomland fields. Before settlement by Europeans, these bottomlands were covered by lowland forests dominated by 
American elm, silver maple, green ash, eastern cottonwood, bur oak and pin oak. (Photographs courtesy of USDA 
Forest Service, North Central Research Station.)
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drought and able to invade prairie grasslands 
(Johnson, 1990). Its thick bark makes it highly 
resistant to fires that eliminate most other woody 
species. Bur oak also thrives on moist alluvial bot-
toms that support dense hardwood forests in the 
northern portion of the Forest–Prairie Transition 
Region. Here, the bur-oak type covers approxi-
mately 2% of the land area and is the principal for-
est type. Cottonwood, quaking aspen and American 
elm are other abundant hardwoods in the northern 
part of the Forest–Prairie Transition Region.

Western Oak Forests

The Southwestern Desert–Steppe Region

Geographic extent

The Southwestern Desert–Steppe Region includes 
the scattered oak forests of Arizona, New Mexico, 
southern Utah, west Texas and south-west 
Oklahoma (Plate 1; Fig. 1.6; Table 1.3). Although 
the range of Gambel oak extends northwards as far 
as southern Wyoming, the oaks there are a small 
component of the vegetation. Forests and wood-
lands cover about 20% of the area, but only 7% of 
this is considered productive forest. Soil moisture 
deficiencies limit the distribution of oaks and other 
plant life throughout the region. Oaks occur as 
scattered trees and in open woodlands. Their distri-
bution within the region is often limited to discon-
tinuous elevational zones that provide the required 
regime of precipitation and temperature.

The region lies entirely within the Dry Domain 
and comprises parts of three divisions: (i) Tropical/
Subtropical Steppe (310); (ii) Tropical/Subtropical 
Steppe Mountains (M310); and (iii) Tropical/
Subtropical Desert (320). Included are six ecoregion 
provinces: (i) Coniferous Open Woodland and 
Semideserts (311); (ii) Steppes and Shrubs (313); (iii) 
Shortgrass Steppes (314); (iv) Steppe or Semidesert–
Mixed Forest–Alpine Meadow or Steppe (M311); 
(v) Semideserts (321); and (vi) Deserts on Sand (323) 
(Plate 1; Table 1.3).

The Southwestern Desert–Steppe Region extends 
1200 miles from north-western Arizona to the Gulf 
of Mexico in southern Texas. It varies from 300 to 
700 miles in width, and encompasses roughly 250 
million acres including the Mojave Desert, the 
Sonoran Desert, the Painted Desert, the Colorado 
Plateau, the southern Rocky Mountains, Texas 
High Plains and the Edwards Plateau. Within the 
region, oak forests are widely scattered and cover 

only a small fraction of the landscape (Plate 1). The 
federal government owns more than half of the 
forests and woodlands in Arizona and New Mexico, 
but in Texas and Oklahoma more than 90% are 
privately owned (Smith et al., 2009).

Climate, physiography and soil

A defining characteristic of this region is a rate of 
surface evaporation that exceeds precipitation. The 
climate varies from dry to desert. Annual precipita-
tion ranges from less than 10 inches to 30 inches 
(Bailey, 1995). Even in areas with greater precipita-
tion, high rates of evaporation limit moisture avail-
ability. Average annual temperature ranges from 
40 to 70°F (4–21°C). Although temperatures decrease 
with increasing elevation, mean monthly tempera-
tures generally exceed 32°F (0°C) (Fig. 1.19). Elevation 
ranges from sea level along the southern Texas Gulf 
Coast to 7000 ft in the Colorado Plateau; some 
mountain peaks are substantially higher. Soils are 
variable throughout the region and include Mollisols, 
Aridisols and dry Entisols (Bailey, 1995).

Forest history

As in other regions of the USA, Native Americans 
customarily burned the forests and woodlands 
where they lived. Lightning was also a common 
cause of combustion. These fires maintained an open 
understorey in the extensive ponderosa pine forests 
of higher elevations. In 1880 alone, about 75,000 
acres burned – which accounted for 0.1–1% of the 
woodland within the settled area (Sargent, 1884).

Beginning in the mid-19th century, European set-
tlers were drawn to the region by opportunities for 
mining and livestock production. Lands were not 
suitable for agriculture, and the great land clearing 
that decimated the eastern oak forests did not occur 
here. However, logging, grazing and changes in fire 
regimes changed the species composition of forests 
and woodlands. In recent decades, the suppression 
of fires has increased the amount of tree reproduc-
tion, especially conifers, and decreased grasses and 
forbs growing beneath forest canopies (Long, 1995).

Throughout the region, oaks have historically had 
little commercial value. Sargent (1884) described the 
forests in and around New Mexico: ‘The deciduous 
trees of this entire southwestern region, often of 
considerable size, are generally hollow, especially the 
oaks; they are of little value for any mechanical 
purpose, although affording abundant and excellent 
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fuel.’ Then, as now, ponderosa pine was the princi-
pal timber species.

Oaks as components of the region’s forests

Forests and woodlands cover only a small portion of 
the total area in the region, and the oaks comprise 
only a small percentage of that. In Arizona and 

New Mexico, 23% of the land base is forested. Only 
5% of the land of those two states can produce 
more than 20 ft3 of timber/acre/year, and virtually 
none of that is oak forest (Smith et al., 2009; Miles, 
2016). Principal commercial forests include pon-
derosa pine, Douglas-fir, spruce–fir and aspen. The 
only recognized oak cover type here is western live 
oak (see Appendix 3, this volume) (Eyre, 1980). 
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Fig. 1.19. Representative climates for selected ecoregion divisions where oaks occur in the western USA. Mean monthly 
precipitation is shown by the solid lines (right axis) and temperature by dashed lines (left axis). Mean annual values are given 
above each graph. Periods of drought are indicated where the precipitation line falls below the temperature line (e.g. as in 
Division 260). Division boundaries are shown in Plate 1 and Fig. 1.5. (Ecoregion and climatic data from Bailey, 1995.)
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It occurs at elevations from 4000 to 6000 ft in the 
foothills and lower mountain slopes of Arizona and 
New Mexico. At higher elevations, the western live 
oak cover type gives way to ponderosa pine and 
pinyon–juniper, with oak–conifer mixtures occur-
ring in the transition. At lower elevations the west-
ern live oak type yields to an open growth of 
shrubby evergreen oaks. Mesquite and desert vege-
tation typically occur below that. Characteristic 
species of the western live oak type include Emory, 
Arizona white, Mexican blue and silverleaf oaks 
(Eyre, 1980) (Fig. 1.20). Ajo oak, Dunn oak, grey 
oak and Havard oak also occur in Arizona and New 
Mexico.

At the eastern end of the Southwestern Desert–
Steppe Region towards the High Plains and 
Edwards Plateau of west-central Texas, precipita-
tion increases and oaks become more prominent. 
The Mohr (shin) oak forest type covers more than 
8 million acres in Texas where it develops best under 
20–25 inches of precipitation annually (Eyre, 1980). 
However, that amount of precipitation represents 
the upper end of the range for the region (e.g. see 
Fig. 1.19, Division 310). Other oaks that occur in 
west-central Texas include Arizona white, black-
jack, bur (marginally), chinkapin, Durand, Emory, 
Havard, Lacey, live, sandpaper, Nuttall and Texas 
live oaks.

The Pacific Mediterranean–Marine Region

Geographic extent

The Pacific Mediterranean–Marine Region includes 
the oak forests and woodlands of California, 
Oregon and Washington (Fig. 1.6). The region lies 
within the western portion of the Humid Temperate 
Domain and includes the Mixed Forest–Coniferous 
Forest–Alpine Meadow Province (M261) and the 
Mediterranean Woodland or Shrub–Mixed or 
Coniferous Forest–Steppe or Meadow Province 
(M262) within the Mediterranean Mountains 
Division (M260) (Table 1.3; Fig. 1.6). Oaks also 
occur within the Coast Ranges of California, which 
includes the Mediterranean Hardleaved Evergreen 
Forests, Open Woodlands and Shrubs Province 
(262) and the Redwood Province (263). At its 
northern extent, the Pacific Mediterranean–Marine 
Region also reaches the Mixed Forests Province 
(241) of the Marine Division (240) in Oregon and 
Washington. The Pacific Mediterranean–Marine 
Region also includes California’s Central Valley 
(Province 261) and the mountainous zones of 
Washington and northern Oregon (M261) where 
oaks are not abundant.

The Pacific Mediterranean–Marine Region 
extends nearly 900 miles from Washington to 
southern California but less than 200 miles from 

Fig. 1.20. Emory oak woodland in the Peloncillo Mountains of south-western New Mexico, Coronado National Forest 
(Province 321: Semideserts Province). (Photograph courtesy of USDA Forest Service, Rocky Mountain Research Station.)
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the Pacific Ocean to the eastern slopes of the Sierra 
Nevada Mountains. Although the region covers 
about 75 million acres, the oaks are limited to rela-
tively narrow elevational zones.

In California, Oregon and Washington, 40% of 
the timberland is publicly owned. However, about 
three-quarters of the region’s oak forest and wood-
land acreage are in non-industrial private owner-
ship (Thomas, 1997; Smith et al., 2009).

Climate, physiography and soil

Climate is strongly influenced by the Pacific Ocean 
and by the Coast and Sierra Nevada Ranges, which 
dominate the physiography of the region. Elevations 
range from sea level to more than 14,000 ft. In the 
mountain ranges, increasing elevation is associated 
with decreasing temperatures and variation in pre-
cipitation. For a given elevation and latitude, pre-
cipitation is generally greater on western slopes than 
on eastern slopes. Latitude also influences climate so 
that a given climatic zone occurs, from north to 
south, at progressively higher elevations. However, 
mountainous topography creates climatic irregulari-
ties and discontinuities, and the distribution of oaks 
and associated tree species varies accordingly.

Most of the precipitation occurs during the 
autumn, winter and spring. Annual precipitation gen-
erally ranges from 10 to more than 60 inches in the 
ecological provinces where oaks occur. Temperature 
extremes and moisture stress are reduced near the 
coast where fog supplements precipitation and the 
ocean reduces fluctuations in temperature. Elsewhere 
the region’s Mediterranean climate is characterized by 
2–4 months of drought during the summer (Fig. 1.19). 
Low precipitation generally occurs at lower eleva-
tions and on the east faces of mountain ranges. Soils 
include Ultisols, Alfisols, Mollisols, Entisols and 
Inceptisols (Bailey, 1995).

Forest history

The historical importance of oaks is recorded in 
ancient bedrock mortars that were used by Native 
Americans to grind acorns into flour. Acorns were 
a staple food of Native Americans in this region, 
and Biswell (1989) suggests that oaks were so 
important to their diet that they burned oak wood-
lands to both encourage oak reproduction and to 
facilitate acorn gathering. Although human-caused 
fires have been historically associated with the oaks 
of the region for thousands of years, there is 

 uncertainty about what proportion of the land-
scape was regularly affected by humans. During the 
post-settlement period of 1850–1950, the mean 
interval between fires in the oak–pine forests of the 
foothills of central California was 8 years (Stephens, 
1997).

Commercial logging in the region has largely 
focused on the conifers. Sargent (1884) stated:

The forests of California, unlike those of the Atlantic 
States, contain no great store of hardwoods. The 
oaks of the Pacific forests, of little value for general 
mechanical purposes, are unfit for cooperage stock. 
No hickory, gum, elm, or ash of large size is found 
in these forests, California produces no tree from 
which a good wine cask or wagon wheel can be 
made. The cooperage business of the state, rapidly 
increasing with the development of grape culture, is 
entirely dependent upon the forests of the Atlantic 
region for its supply of oak.

Sargent further noted that large quantities of 
chestnut oak (sic tanoak), once common in the 
northern Coast Range of California, are ‘now 
becoming scarce and in danger of speedy extermi-
nation’ due to utilization by the tanning industry. 
Sargent’s reference to the oaks of Oregon and 
Washington is slightly less disparaging. In the 
Willamette Valley, he noted that Oregon white oak 
woodlands were becoming re-established after 
reductions in fire frequency. Along the Yakima 
River in Washington, he noted that Oregon white 
oaks were limited to 15 ft in height and 6 inches in 
diameter.

The logging industry on the Pacific Coast was 
established in the 18th century under Hispanic 
influence. Through the middle of the 19th century 
the relatively small industry served markets in South 
America, Australia and the Pacific Rim (Williams, 
1989). The gold rush of 1849 and the completion 
of the transcontinental railroad opened additional 
markets, but the increase in lumber production in 
this region occurred gradually, beginning about 
1900 when the large timber companies and rail-
roads moved west after exhausting the ready sup-
ply of timber in the Lake States. Increases in timber 
production in the region continued into the Great 
Depression, but output eventually dropped by 
75%. By 1950, however, annual timber production 
in the West exceeded 16 billion board ft annually, 
which was greater than that produced in other 
regions of the USA. Today lumber production in this 
region lags significantly behind that of the south. 
Harvest of hardwood growing stock has remained 
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nearly constant since 1976, but the volume of hard-
woods harvested annually is only about 5% of the 
region’s total.

Historically, oak forests were little affected by 
commercial logging, but locally they were widely 
utilized for firewood and fence posts. Ranchers and 
farmers had the greatest influence on the oak 
woodlands of the foothills and lower slopes as a 
consequence of clearing them for agriculture and 
grazing. Sargent (1884) noted:

The permanence of the mountain forests of 
California is severely endangered, moreover, by the 
immense herd of sheep, cattle, and horses driven to 
the mountains every year, at the commencement of 
the dry season, to graze. From the foothills to the 
highest alpine meadows, every blade of herbage and 
every seedling shrub and tree is devoured.

In California, oak woodlands were reduced from 
an estimated 10–12 million acres to about 7 mil-
lion acres today (Thomas, 1997). The oak wood-
lands are predominantly owned by farmers and 
ranchers, and between 1945 and 1970 the primary 
loss of woodland acreage resulted from conversion 
to rangeland. Invasion of non-native grasses and 
the suppression of fire have created problems in 
maintaining oak woodlands and savannahs (see 
Chapter 12, this volume, for details of savannah 
restoration and management). More recently, the 
greatest losses of oak woodland have resulted from 
suburban residential development (Bolsinger, 
1988). This has given rise to concern for property 
damage from the wildfires historically associated 
with the oak woodlands.

Oaks as components of the region’s forests

Most of the region’s oak forests and woodlands 
occur in California where they account for approx-
imately one-quarter of the wooded acres (Miles, 
2016). Oaks surround California’s Central Valley 
in the foothills of the Sierra Nevada, Cascade and 
Klamath Ranges (Figs 1.5 and 1.6). Although oaks 
were formerly abundant within parts of California’s 
Central Valley (Province 261), their distribution 
has been greatly reduced there (Griffin, 1977). 
Oaks also occur on the western slopes of the Coast 
Ranges in central and southern California. The 
range of Oregon white oak extends northwards into 
central Oregon and Washington in the Willamette 
Valley and the Puget lowlands between the Cascade 
and Coast Ranges. Included are 18 species of oak 
trees and shrubs plus additional hybrids (Bolsinger, 

1988; Thomas, 1997). Eight oak species that reach 
tree size are abundant: California black, blue, inte-
rior live, coast live, canyon live, valley, Oregon 
white and Engelmann oaks (Plumb and McDonald, 
1981).

Western oak forests are often categorized as either 
timberland (forests suitable for commercial wood 
production and capable of producing at least 20 ft3/
acre/year of merchantable volume), or woodlands 
(sites of lower productivity primarily utilized for for-
age and firewood). In California, only about 1 in 4 
acres of hardwood forest qualifies as timberland. 
Oak woodlands are sparsely covered with trees com-
pared with oak timberlands. The statewide volume 
of oaks in woodlands and in timberlands is never-
theless nearly equal because the acreage of wood-
lands is approximately three times that of timberlands 
(Table 1.4). Three-quarters of the oak woodlands 
are grazed and these account for about one-third 
of California’s total forage (Thomas, 1997). In 
California, annual removals of oaks and other hard-
woods are less than 2% of annual growth (Miles, 
2016).

The combined effects of temperature and precipi-
tation (which latitude, elevation, slope and aspect 
affect) regulate the distribution of oaks. In the Pacific 
Mediterranean–Marine Region, many oak forests 
and woodlands are restricted to elevational zones in 
the transition between grassland and chaparral at 
lower elevations and coniferous forest at higher ele-
vations. Mean temperatures within the region 
increase with decreasing latitude, and the oaks occur 
at higher elevations at lower latitudes. Due to the 
interaction of climate and mountainous topography, 
the distribution of oaks in this region is more geo-
graphically restricted than in the eastern USA.

Several classification schemes have been pro-
posed for the complex vegetation relationships that 
occur in the Pacific Mediterranean–Marine Region 
(e.g. Griffin, 1977; Paysen et al., 1980, 1982; 
Barbour, 1988; Allen, 1990) (Fig. 1.21). Eyre (1980) 
recognized five oak cover types and two additional 
types where oaks commonly occur in mixtures with 
other species (see Appendix 3, this volume). The 
Oregon white oak type is found in the northern 
portion of the Pacific Mediterranean–Marine Region 
from northern California to Vancouver Island. This 
type occurs at lower elevations (0–3900 ft) and 
primarily in inland valleys or lower slopes between 
the Coast Ranges and the Cascade or Sierra Nevada 
Ranges (Eyre, 1980). The type makes its best 
 development in the vicinity of the Willamette Valley 
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where closed-canopy Oregon white oak stands 
developed from former oak savannahs when peri-
odic ground fires were excluded (Thilenius, 1968). 
The species also occurs in mixtures with other 
hardwoods and conifers including California black 
oak, canyon live oak, ponderosa pine and Douglas-
fir (Appendix 3).

California black oak attains a greater volume 
(Table 1.4) and is distributed across a greater area 
than the other California oaks (Plumb and 
McDonald, 1981). The California black oak type 
occurs from central Oregon to the Mexican border 
across elevations ranging from 200 to 8000 ft with 
corresponding annual precipitation of 25–85 
inches. Best development of the forest type occurs 
in the northern half of California in the Klamath 
and Cascade Mountains and the Coast and Sierra 
Nevada Ranges. There the forest type is found at 
elevations between 1500 and 3000 ft with corre-
sponding annual precipitation between 30 and 50 
inches (Eyre, 1980). After disturbance, this species 
maintains itself through sprouting to form even-
aged stands. On suboptimal sites it is successional 
to other forest types. Associated species include 
other oaks, ponderosa pine, Douglas-fir and Pacific 
madrone (Appendix 3).

Canyon live oak occurs from the Willamette 
Valley to the Baja Peninsula and east into Arizona 
at elevations from near sea level in the north to 
9000 ft in the south (Eyre, 1980). It comprises 
about one-quarter of California’s oak volume and 
is second only to California black oak in this 
regard (Table 1.4). Canyon live oak forms pure 
stands on very steep slopes and dry canyon bottoms. 

Elsewhere it occurs in mixture with Douglas-fir, 
ponderosa pine and other conifers. The species is 
shade tolerant when young and often maintains 
itself in relatively stable communities (Eyre, 1980).

The blue oak–digger pine forest type surrounds 
California’s Central Valley at elevations between 
500 and 5000 ft, although blue oak occasionally 
extends to the valley floor (Fig. 1.22). This forest 
type occurs between the valley grasslands and the 
montane forests above, where it can endure a mea-
gre 10 inches of annual precipitation (Eyre, 1980). 
Forest cover ranges from 30 to 80% with canopy 
heights between 15 and 50 ft. Associated species 
include California live oak, interior live oak, valley 
oak and California black oak (Barbour, 1988). At 
low elevations blue oak and valley oak mixtures 
develop savannah communities. Valley oak savan-
nahs extend into the Central Valley where they 
make their best development on alluvial soils 
(Griffin, 1977).

The California coast live oak forest type (some-
times referred to as southern oak woodland) occurs 
on the west side of the Coast Range in the southern 
two-thirds of California. It extends inland on 
north-facing slopes of narrow valleys and other 
cool sites. This type occurs at elevations of up to 
3000 ft in the northern part of its range and to 
5000 ft in the southern portion. Although it can 
form pure, closed canopy stands, it is considered a 
woodland type and commonly occurs in savannahs 
comprised of scattered oaks or in mixture with 
conifers (Appendix 3). California coast live oak is 
long lived, moderately shade tolerant and forms 
relatively permanent woodlands. When trees reach 

Table 1.4. Standing oak volumes in California timberlands and woodlands. Although oaks make up 63% of the total 
volume of California’s hardwoods, oak timberlands (commercial forest lands) comprise only 8% of the 50 billion ft3 
total volume on those lands (softwoods plus hardwoods). (Adapted from Bolsinger, 1980, 1988; Shelly, 1997.)

Species
Volume in timberlands

(million ft3)
Volume in woodlands

(million ft3)
Total

(million ft3)

Species total as
a proportion of

all oaks (%)

California black oak 2,254 277 2,531 32
Canyon live oak 1,302 731 2,033 26
Blue oak 1 1,112 1,113 14
Coast live oak 126 755 881 11
Oregon white oak 211 389 600 8
Interior live oak 45 508 553 7
California white (valley) oak 34 164 198 3
Engelmann oak 0 10 10 0
Total oak 3,973 3,946 7,919 100
Total hardwoods (all species) 7,661 4,855 12,516 –
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about 8 inches diameter at breast height (dbh) they 
are also highly resistant to fire (Eyre, 1980).

The ecological importance of California’s oak wood-
lands and timberlands is receiving increased attention 
(Pillsbury et al., 1997). Although their value for 
commercial products is low, their importance to wild-
life, water quality, aesthetics, soil protection, recreation 
and fuelwood is widely acknowledged (Helms and 
Tappeiner, 1996). A principal silvicultural problem 

related to the oak woodlands of the Pacific 
Mediterranean–Marine Region is ensuring that the 
regeneration of oaks is sufficient for replacing trees peri-
odically lost to natural mortality and timber harvesting.

The Influence of Climate Change

There is widespread scientific consensus that the global 
climate is changing as a result of human-caused 
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atmospheric emissions of so-called greenhouse 
gases including carbon dioxide and methane. With 
current rates of emissions, the concentration of 
atmospheric greenhouse gases is expected to con-
tinue to increase and result in warmer mean tem-
peratures, new patterns of precipitation, and 
greater extremes in weather events (IPCC, 2014, 
2016; USDA Forest Service, 2016). Climate change 
information and related effects on trees and forests 
is updated frequently with the latest information 
found online.

Movement of oaks and other species across the 
landscape in response to climate change is compli-
cated (Prasad et al., 2013), and outcomes are affected 
by current species distributions, patterns of future 
climate change, barriers to species migration (e.g. 
fragmented forests, mountain ranges), genetic plas-
ticity of existing oak populations, acorn dispersal 
ranges, and forest management actions including 
assisted species migration. Silviculturists and ecolo-
gists should understand that climate change is a 
gradual but persistent forest disturbance that com-
plicates forest dynamics, management decisions and 
silvicultural prescriptions. Chapter 14 in this vol-
ume discusses in detail many of the anticipated 
effects of climate change on oak trees and forests.

Climate change adds variation and disorder to 
the ecoregions described earlier in this chapter. 
Ecoregions are directly and indirectly defined by 
differences in climate and by vegetation response to 
climate. In time, climate change may influence 
either the geographic boundaries that define ecore-
gions or the species of oaks and other vegetation 
considered characteristic of a given ecoregion.

Notes
1 Subgenus Erythrobalanus in earlier classifications.
2 Subgenera Lepidobalanus and Leucobalanus in ear-
lier classifications.
3 Subgenus Protobalanus in earlier classifications.
4 Timberland is forest land that is producing, or is capa-
ble of producing, more than 20 ft3/acre/year of industrial 
wood crops under natural conditions and that is not with-
drawn from timber use, and that is not associated with 
urban or rural development. Currently inaccessible and 
inoperable areas are included.
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